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PREFACE 


As  a  result  of  the  1981  Defense  Science  Board  Summer  Study 
on  Operational.  Readiness,  Task  Order  T-2-126  was  generated  to 
look  at  potential  steps  toward  improving  the  Material  Readiness 
Posture  of  DoD  (Short  Title:  R&M  Study).  This  task  order  was 
structured  to  address  the  improvement  of  R&M  and  readiness 
through  innovative  program  structuring  and  applications  of  new 
and  advancing  technology.  Volume  I  summarizes  the  total  study 
activity.  Volume  II  integrates  analysis  relative  to  Volume  III, 
program  structuring  aspects,  and  Volume  IV,  new  and  advancing 
technology  aspects. 

The  objective  of  this  study  as  defined  by  the  task  order 
is: 


"Identify  and  provide  support  for  high  payoff  actions 
which  the  DoD  can  take  to  improve  the  military  system 
design,  development  and  support  process  so  as  to  pro¬ 
vide  quantum  improvement  in  R&M  and  readiness  through 
innovative  uses  of  advancing  technology  and  program 
structure . " 

The  scope  of  this  study  as  defined  by  the  task  order  is: 

To  (1)  identify  high-payoff  areas  where  the  DoD  could 
improve  current  system  design,  development  program 
structure  and  system  support  policies,  with  the  objec¬ 
tive  of  enhancing  peacetime  availability  of  major 
weapons  systems  and  the  potential  to  make  a  rapid 
transition  to  high  wartime  activity  rates,  to  sustain 
such  rates  and  to  do  so  with  the  most  economical  use 
of  scarce  resources  possible,  (2)  assess  the  impact  of 
advancing  technology  on  the  recommended  approaches 
and  guidelines,  and  (3)  evaluate  the  potential  and 
recommend  strategies  that  might  result  in  quantum  in¬ 
creases  in  R&M  or  readiness  through  innovative  uses 
of  advancing  technology. 
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The  approach  taken  for  the  study  was  focused  on  producing 
Meaningful  implem»ntable  recommendations  substantiated  by  quan¬ 
titative  data  with  implementation  plans  and  vehicles  to  be  pro¬ 
vided  where  practical.  To  accomplish  this,  emphasis  was  placed 
upon  the  elucidation  and  integration  of  the  expert  knowledge 
and  experience  of  engineers ,  develops ra,  managers,  testers  and 
users  involved  with  the  complete  acquisition  cycle  of  weapons 
systems  programs  as  well  as  upon  supporting  analysis.  A  search 
was  conducted  through  major  industrial  companies,  a  director 
was  selected  and  the  following  general  plan  was  adopted. 


General  Study  Plan 


Vol.  Ill  e  Select,  analyze  and  review  existing 
successful  program 


Vol.  IV  e  Analyze  and  review  related  new  and 
advanced  technology 


Vol.  II  (e  Analyze  and  integrate  review  results 

(e  Develop,  coordinate  and  refine  new  concepts 


Vol.  I  e  Present  new  concepts  to  DoD  with  implementa¬ 
tion  plan  and  recommendations  for  application. 


The  approach  to  implementing  the  plan  was  based  on  an 
executive  council  core  group  for  organization,  analysis,  inte¬ 
gration  and  continuity;  making  extensive  use  of  working  groups, 
heavy  military  and  industry  involvement  and  participation,  and 
coordination  and  refinement  through  joint  industry/service 
analysis  and  review.  Overall  study  organization  is  shown  in 
Fig.  P-1. 

The  basic  technology  study  approach  was  to  build  a  founda¬ 
tion  for  analysis  and  to  analyze  areas  of  technology  to  surfaces 
technology  available  today  which  might  be  applied  more  broadly; 
technology  which  requires  demonstration  to  finalize  and  reduce 
risk;  and  technology  which  requires  action  today  to  provide  reli 
able  and  maintainable  systems  in  the  future.  Program  structur¬ 
ing  implications  were  also  considered.  Tools  used  to  accomplish 
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FIGURE  P-1.  Study  Organization 

this  were  existing  documents,  reports  and  study  efforts  such  as 
the  Militarily  Critical  Technologies  List.  To  accomplish  the 
technology  studies,  sixteen  working  groups  were  formed  and  the 
organization  shown  in  Fig.  P-2  was  established. 

This  document  records  the  activities  and  findings  of  the 
Technology  Working  Group  for  the  specific  technology  as  indi¬ 
cated  in  Fig.  P-2.  The  views  expressed  within  this  document 
are  those  of  the  working  group  only.  Publication  of  this  docu¬ 
ment  does  not  indicate  endorsement  by  IDA,  its  staff,  or  its 
sponsoring  agencies. 

Without  the  detailed  efforts,  energies,  patience  and 
candidness  of  those  intimately  involved  in  the  technologies 
studied,  this  technology  study  effort  would  not  have  been 
possible  within  the  time  and  resources  available. 
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The  American  National  Standards  Institute  (ANSI)  definition  of 
industrial  automation  is  probably  tha  bast  existing  dafinition 
of  robotics  (sxcspt  for  this  rsport's  introduction  and  Summary)) 


"Industrial  automation  ancompaasaa  tha  application  of 
multiple  technologies  in  a  coordinated  programmable 
systems  approach  to  tha  oomplata  manufacturing 
process .  These  technologies  include ,  but  are  not 
limited  to,  information  systems,  equipment,  and 
telecommunications . " 

Add  to  this  definition  the  concept  of  automation  applied  to 
maintenance  as  well,  and  change  the  term  automation  to  systems 
of  manufacture  (and  maintenance)  or  robotics  and  we  have  the 
working  definition  we  need  for  this  report. 
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(ROBOTICS) 


Goali  To  identify  ways  in  which  robotics  can  bt  applied  to 
bring  major  improvements  to  reliability  and 
maintainability  (R6M)  and  readiness. 

Scopes  Dealing  with  the  multidisciplinary  nature  of  robotics 
technology,  this  effort  focuses  on  existing 
applications  of  robotics  in  industry  as  well  as 
emerging  applications  that  have  immediate  and 
important  implications  for  DoD  R&M  and  readiness, 
primary  emphasis  is  given  to  robotics  implementations 
involving i 

o  Sensor  technology 
o  Computers 
o  Electronics 
o  Mechanical  engineering 
o  Other  physical  sciences 
o  Energy 
o  Communications 

Issues*  1.  Robotics  in  service  and  maintenance 

2.  Robotics  .  small  lot  production 

3.  Universal  robotics  language  (software) 

4.  Robotic  diagnostic  systems 
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INTRODUCTION  AND  SUMMARY 


The  potential  impact  to  the  Department  of  Defense  (DoD)  of 
robotics  or  the  technologies  of  automation  is  best  understood 
when  considered  not  in  its  nuts  and  bolts,  but  as  an  overall  way 
of  doing  business. 

We  have  known  and  practiced  for  some  time  the  theories  of 
cybernetics  and  information  feedback  loops.  Robotics  is  the 
implementation  of  those  principles  in  close-knit  physical 
systems,  be  they  in  an  automated  facility  that  manufactures  an 
aircraft  or  in  an  automated  depot  that  inspects  and  repairs  the 
aircraft  or  in  tbr  aircraft  itself.  In  each  of  these  instances 
—  manufacture,  maintenance,  and  the  system  (aircraft)  itself  — 
information  about  the  environment  is  (1)  gathered  with  sensors, 
(2)  processed  with  computers  through  algorithms  or  against  data 
bases,  then  (3)  translated  into  action,  whether  it  is 
mechanical,  chemical,  radio  magnetic  actions  or  whatever. 

These  closely  fused  systems  of  technology,  known  variously  as 
control  systems,  robots,  flexible  manufacturing  systems,  work 
cells  or  intelligent  task  automation,  are  all  diverse 
implementations  of  the  same  family  of  disciplines  that  we  call 
robotics  and  that  are  essentially  the  basis  of  all  modern 
systems  that  incorporate  information  feedback  in  their 
operation.  The  technologies  of  robotics  include  but  are  not 
limited  to: 


Electronics 
Computers 
Commun ica t ions 
Artificial  Intelligence 
Mechanical  Engineering 
Physics 


Other  Physioal  Sciences 
Energy 

Systems  Analysis 

The  nature  of  this  particular  study  has  been  to  determine  how 
robotics  can  contribute  to  quantum  improvements  in  the 
reliability  and  maintainability  of  DoD  equipment. 

The  answers  to  this  question  are  no  less  far  reaching  than  the 
foregoing  definition  of  robotics  itself.  Once  reliability  and 
maintainability  of  an  end  system  has  been  thoroughly  considered 
and  treated  in  feasibility  and  design,  robotics  can  then  be 
employed  in  the  timely,  economic,  and  effective  implementation 
(manufacture)  of  the  design. 

Perhaps  more  important,  it  has  been  suggested  that,  of  all  of 
DoD's  equipment  planned  to  be  in  use  in  the  year  2000,  60 
percent  of  that  equipment  is  already  in  existence  today. 
Therefore,  the  operational  readiness  of  our  inventory  in  the 
year  2000  will  still  be  greatly  dependent  on  the  effectiveness 
of  our  maintenance  systems.  Robotics  in  maintenance  is 
essentially  a  wholly  untapped  and  strategic  consideration  for 
operational  readiness  in  the  coming  years. 

To  develop  the  potential  that  robotics  has  for  reliability  and 
maintainability,  DoD  must  take  the  following  three  major  steps: 

1.  Further  evolve  the  existing  modernization  programs 
within  DoD  and  the  individual  services  into  DoD-wide 
procurement  guidelines  and  procedures  designed  to 
apply  the  full  weight  of  DoD's  procurement  budget 
toward  the  development  of  robotic  technologies  as  a 
major  underpinning  of  equipment  reliability  and 
maintainability. 
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2.  Train  targeted  managers  and  professionals  throughout 
the  military  services  in  the  evaluation  and 
specification  of  robotic  or  automated  systems. 

3.  Mature  the  technology  of  robotics  (off-line)  with  a 
program  of  mission-oriented  robotics  projects  focused 
on  reliability  and  maintainability,  and  ranging  from 
small  lot  manufacture  to  automated  maintenance 
facilities. 

This  report  explores  the  current  state  of  robotics  in  both  the 
commercial  and  defense  sectors,  and  attempts  to  focus  on  the 
more  dramatic  implications  of  robotics  on  the  operational 
readiness  for  DoD. 
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SECTION  I 


EVOLUTIONARY  INFUSION  OF  ROBOTIC  TECHNOLOGY 
INTO  DESIGN  AND  MANUFACTURING 


l-i 


A  general  sense  among  many  within  the  Office  of  the 
Secretary  of  Defense  (OSD)  and  the  Department  of  Defense 
(DoD)  is  that  our  defense  systems  cost  too  much  and  take  too 
long  to  develop,  don't  work  when  we  get  them,  and  are 
expensive  to  maintain.  Of  course,  this  is  grossly 
over-simplified  and  maligns  many  a  good  and  successful 
project,  past  and  present. 

Nevetherless,  these  descriptors  fit  too  many  procurements 
that  can  be  cited. 

Two  major  efforts  are  currently  underway  within  OSD  to 
provide  direction  in  correcting  these  circumstances. 

1.  The  Defense  Science  Board  Task  Force  on  Reducing  Risk 
During  Transition  From  Development  to  Production, 
chaired  by  Willis  J.  Willoughby,  Jr.  This  effort  has 
focused  on  engineering  principles  that  must  be 
incorporated  into  the  project  management  of  all 
procurements,  from  development  through  production,  and 
holds  the  promise  of  significantly  reducing  the  risk  of 
over-schedule,  over-budget  and  under-engineered 
projects. 

2.  The  technology  study  entitled  Sustaining  Performance 
Through  Technology,  conducted  by  the  Institute  for 
Defense  Analysis  (IDA)  and  more  particularly,  the 
Technology  Steering  Group  (TSG) ,  chaired  by  Dr.  Hyland 
Lyons  of  Texas  Instruments.  The  TSG  has  focused  on  the 
technology  causes  and  contributions  to  reliability  and 
maintainability  (R&M)  and  is  resulting  in  a  series  of 
recommendations  for  demonstration  projects  and 
technology  maturation  programs  that  can  significantly 
improve  the  reliability  and  maintainability  of  DoD 
equipment. 
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Integrated  syetema  of  manufacturing  or,  for  short,  robotics 
is  a  systems  technology  that  can  not  only  provide  more 
timely  and  cost  effective  manufacturing  of  DoD  equipment, 
but  can  contribute  significantly  to  R&M  as  this  review 
describes  * 

An  important  finding  of  this  review  is  that  robotics  in 
maintenance  has  as  much,  if  not  more,  to  contribute  to  R&M 
as  does  robotics  in  manufacturing.  The  prospect  in 
maintenance  is  that  dramatic  improvements  in  cost  and 
performance  can  be  achieved  through  the  following  three 
steps . 

1.  Computer-aided  maintenance  systems,  as  a  prerequisite 
for  integrating  automation  into  maincenance  routines, 
will  reap  schedule  and  cost  economies  in  and  of 
themselves. 

2.  Then,  man- in- the- loop  maintenance  Bystems  will 
incorporate  the  best  of  what  machines  (and  computers) 
can  do  today  with  the  critical  skills  of  trained 
personnel  as  the  glue  that  holds  these  systems 
together. 

3.  Finally,  enough  will  be  learned  in  this  evolutionary 
process  to  forge  fully  automated  systems,  in  time,  that 
will  incorporate  the  know-how  and  experience  of  our 
most  skilled  personnel,  who  in  turn  will  be  employed 
(in  fewer  numbers  per  task,  but  over  more  tasks)  to 
continually  monitor  and  improve  the  systems. 

Small  lot  manufacture  can  and  will  certainly  follow  the  same 
evolutionary  path. 


Requiring  our  major  contractors  to  deliver  fully  developed 
and  tested  computer-aided  maintenance  systems,  and  then 
semi-automated  and  fully  automated  maintenance  systems  with 
their  products,  is  certainly  an  idea  whose  time  will  come 
very  shortly.  Such  systems  will  render  much  more  practical 
the  management  of  life-cycle  costs  and  life-cycle 
reliability  and  maintainability  of  equipment,  given  that 
contractors  can  then  be  held  much  more  accountable  for  the 
life-cycle  performance  of  their  systems. 

This  study  can  only  hope  to  raise  a  number  of  the  issues  to 
be  considered  and  certain  of  the  directions  to  travel,  in 
tapping  the  potential  that  robotics  holds  for  reliability 
and  maintainability.  It  is  hoped  that  the  varied  materials 
that  are  included  in  this  document  will  provide  the  reader 
with  sufficient  perspective  to  initiate  some  efforts  and  to 
pursue  the  issues  further. 
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CASK  B-l 


DESIGNING  CUSTOM  ROBOTS  FOR  IM-FLANT  USB 


Robert  A.  Brown 
Acuahnet  Company 
Mew  Bedford,  Massachusetts 


INTRODUCTION 


In  1977,  the  Acushnet  Company  decided  to  make  a  major  commitment 
to  improved  product  quality  and  lower  manufacturing  costs  by 
designing  new  automatic  equipment  for  our  Titleist  golf  ball 
plant . 

We  considered  applying  conventional  machine  design  approaches 
using  cams  and  air  cylinders,  as  well  as  a  robotic  approach. 

For  various  reasons,  we  divided  the  automation  tasks  between 
conventional  and  robotic  design  groups. 

Both  approaches  have  been  highly  successful.  The  conventional 
approach  has  resulted  in  the  complete  automation  of  the  ball 
cover  and  core  assembly,  automatic  buffing  of  the  flash  caused 
by  the  cover  molding  operation,  and  automatic  orientation  and 
stamping  of  the  name  and  number  on  the  finished  ball. 


The  robotic  approach  was  applied  to  tha  taaka  of  automatically 
winding  golf  balls  and  than  automatically  removing  fraahly 
painted  golf  balla  from  a  moving  conveyor  following  apray  paint 
operaitona. 

I  will  diecuaa  the  paint  apray  robot  application  in  thia  paper 
as  an  example  of  Deaigning  Cuatom  Robots  for  In-Plant  Use. 

The  robotic  approach  ia  a  method  of  generating  positional 
Variety  (V)  using  the  minimum  number  of  actuators.  Variety  ia 
defined  as  the  number  of  different  things,  considered  as  a 
whole,  that  can  happen. 

When  X  -  number  of  distinct  stopping  positions 
of  the  robot  on  each  axis, 

and  n  ■  number  of  axes  of  the  robot, 

then  V  -  Xn. 


Assuming  a  resolution  of  .2%  of  the  range  of  each  axis  and  a 
three-axis  robot,  then  X«250,  n»3  and 

V  ■  5003  «  125,000,000  possible  positions. 

A  conventional  machine  capable  of  generating  the  same  variety 
using  2  position  actuators  would  require 

2n  -  125,000,000 

or  n  ■  27  actuators. 

Historically,  painted  balls  were  manually  unloaded  from  the 
painted  ball  conveyor  onto  drying  trays  and  loaded  into  trucks 
for  holding  in  a  drying  room. 
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It  took  three  operator a  to  unload  balls  from  aaoh  apt ay  booth 
conveyor.  Ha  had  aavan  booths  opereting  thraa  shifts  for  a 
total  of  six  oparators.  Our  goal  was  to  automat ioally  load 
unpaintad  balls  onto  trays,  and  than  usa  a  alngla  oparator  to 
mova  loadad  trays  and  trucks  from  savaral  booths.  Tha  balls  ara 
first  loadad  onto  tha  ball  oonvayor  from  a  hoppar  which  storaa 
anough  balls  for  savaral  hours  of  painting. 

Tha  balls  ara  than  sprayad  at  ovar  100  balls  par  reinuta  in  a 
convantional  spray  booth. 

Tha  robot  unloadar  picks  and  placaa  four  balls  into  spacially 
dasignad  trays  having  a  staggarad  2"  spacing  for  maximum  packing 
density.  Tha  total  oycla  time,  including  returning  to  tha  ball 
convayor  ready  for  tha  next  pick,  is  lass  than  two  seconds. 

The  tray  convayor  indexes  and  feeds  trays  in  conjunction  with 
the  robot.  It  automatically  "downstacks"  empty  trays  at  one  end 
and  "upstacks"  the  loaded  trays  at  the  other  and. 

The  main  control  cabinet  monitors  and  controls  the  whole  paint 
spray  system,  including  robot,  tray  conveyor,  spray  booth,  and 
stack  vent  sensors.  The  programmable  controller  includes  the 
five  custom  fabricated  motor  drive  cards  in  the  control  cabinet. 

The  programmable  controller  "supervises"  the  system  operation, 
but  due  to  its  relatively  low  operating  speed,  custom-built, 
high-speed  controllers  were  required  for  each  of  the  stepping 
motors. 

A  ball  box  representing  four  golf  balls  is  placed  in  the 
gripper.  The  rotation,  vertical  position,  and  extension  for  the 
12  trajectories  are  then  checked  against  scribed  lines  on  the 
calibration  table. 
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We  attempt  to  adjust  all  axas  to  within  +.010* ,  whleh  is 
equivalent  to  +  ons  pulse  of  ths  stopping  motor.  However,  this 
is  not  always  possible  due  to  flex  within  ths  robot.  This  is  an 
inhsrant  problem  with  all  robot  systems.  If  you  try  to 
establish  its  position  when  the  robot  is  wound  up  either  through 
deceleration  or  vibration,  the  gripper  will  be  in  a  slightly 
different  position  when  it  is  at  rest.  This  problem  can  be 
dealt  with  in  our  system  by  tailoring  the  trajectories  to 
minimise  acceleration  and  jerk  during  critical  robot  homing 
periods  in  the  program. 

These  robots,  like  all  machines,  occasionally  experience 
malfunctions.  These  incidents  oan  be  classified  in  terms  of 
"crashes*  or  "crunches."  Pushing  the  reset  button  gets  you  out 
of  a  crash  as  it  does  with  most  computer  crashes.  In  a  crunch, 
something  gets  bent  or  broken.  These  can  be  avoided  by  laying 
out  the  work  space  whenever  possible  so  as  to  tolerate  the 
"loss"  of  an  axis.  The  motors,  gearing,  and  shafting  should  be 
sised  so  that  the  motors  simply  stall  if  something  jams.  Step 
motors  are  excellent  for  this  purpose. 

It  sometimes  helps  to  make  the  system  flexible  so  that  it  will 
also  bend  over  obstacles.  Sometimes  these  overload  precautions 
hamper  the  operation  of  the  system,  k  motor  sised  to  stall  may 
stll  due  to  a  momentary  peak  force  due  to  vibration  or  backlash. 
Also,  a  limber  system  will  have  larger,  lower  frequency 
oscillations  at  the  end  effector.  However,  some  unnecessary 
shutdowns  and  more  time  for  homing  may  be  less  costly  than  one 
big  crunch. 


Whenever  there  is  a  system  failure,  the  question  arises:  "Is  it 
a  mechanical,  electrical,  or  computer  problem?”  This  clearly 
defines  the  three  team  members  required  to  get  a  robot  system 
going  and  keep  it  going.  It  has  been  our  experience  that  a  very 
high  level  of  performance  is  required  in  all  three  disciplines 
in  order  to  obtain  a  robot  system  upon  which  the  whole 
organization  can  depend. 
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RESULTS 


One  of  the  greatest  advantages  that  came  out  of  the  paint  spray 
automation  effort  was  a  large  reduction  in  the  number  of  dropped 
wet  balls.  In  spite  of  the  skill  and  dilgence  of  the  manual 
operators,  thousands  of  freshly  painted  balls  were  dropped  each 
week.  These  have  to  be  stripped  and  repainted  at  great  expense. 
When  properly  aligned,  the  robot  system  does  not  drop  balls. 

Pick  marks  on  the  balls  are  practically  eliminated  due  to  the 
precise  pursuit  and  capture  method  used  by  the  robot. 

Production  was  increased  due  to  ability  of  the  robot  system  to 
operate  through  lunch  and  coffee  breaks.  The  payback  was  less 
than  one  year  based  upon  direct  charges  made  for  machine 
fabrication  and  installation. 

The  automatic  painting  systeiq  operates  approximately  23  hours  a 
day,  five  to  six  days  a  week.  The  first  system  has  been 
operating  for  two  years.  Two  other  systems  are  in  operation  and 
four  more  are  being  fabricated  at  this  time.  Once  a  day,  while 
the  booth  is  shut  down  to  refill  the  spray  gun  and  clean  the 
ball  support  spindles,  parts  of  the  robot  are  lightly  oiled  by 
the  machine  operator.  Then  once  a  week,  the  robot  is  wiped  down 
and  reoiled.  Aside  from  this,  our  operating  uptime  has  exceeded 
97%,  and  preventative  maintenance  requirements  have  been 
minimal.  We  intend  to  overhaul  each  robot  every  year  or  so  to 
replace  drive  belts,  spline  and  high  helix  drive  shafts,  and 
flex  cabling. 


CONCLUSION 

The  most  important  lesson  learned  from  this  effort  is  the 
relation  of  robot  size  to  performance.  We  learned  from  the  very 
beginning  that  we  could  not  obtain  rapid  cycle  times  if  we 
reached  too  far  or  made  the  robot  t«x>  big. 
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The  following  formula  shows  the  relation  of  the  power  required 
to  rotate  a  solid  round  arm  of  length  L  through  an  angle  6  in 
time  t  having  a  density  D  with  a  modulus  of  elasticity  of  E,  and 
a  flex  deflection  of  dmax. 


P  -  4 'll  L7  D2  62 
3  E  dmax  t^ 


K 


,-A 


a 
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CASE  B-2 


CLEANING  SEAWATER  INTAKE  PIPES 


Seawater  is  an  effective  cooling  medium  for  Japan's  130  power 
generation  plants.  One  problem,  however,  is  that  algae  and 
shellfish  like  barnacles  and  oysters  grow  on  the  walls  of  the 
plants'  cooling  water  intake  pipes.  The  marine  life  hinders 
water  flow.  And,  when  the  organisms  come  off  the  walls,  they 
can  enter  condensers,  causing  blockage  and  corrosion. 

To  help  reduce  the  severity  of  the  problem,  Japanese  power 
companies  regularly  hire  divers  to  clean  the  pipes,  or  the  pipes 
are  cleaned  after  the  water  is  drained  from  them.  "Cleaning 
typically  takes  about  a  month  and  costs  tens  of  millions  of 
yen,"  according  to  Mitsubishi  Heavy  Industries  Ltd.,  Tokyo. 

A  90%  reduction  in  both  pipe  cleaning  time  and  cost  is  now  said 
to  be  possible  thanks  to  the  development  by  Mitsubishi  and  Tokyo 
Electric  Power  Co.  of  a  remote  controlled  underwater  robot 
capable  of  scraping  marine  life  off  open  and  closed  pipes 
without  suspending  water  intake. 

The  robot  consists  of  a  glass  fiber  reinforced  plastic  body 
eqipped  with  impellers,  brushes,  wheels,  and  a  television 
camera;  a  diesel  engine/hydraulic  pump  power  system;  hydraulic 
hose  takeup  equipment;  and  controls  for  remote  operation. 

The  robot  pushes  its  wheels  against  the  pipe  wall,  cleaning  it 
with  water  jets  from  the  two  impellers  and  the  rotating  brushes. 
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A  single,,  above-water  operator  monitors  a  TV  screen  and 
manipulates  levers  to  move  the  robot  and  control  impeller  and 
brush  rotation. 


CASE  B-3 


INSPECTION  OF  FORGINGS  AND  CASTINGS 

Phillippe  Villers 
Automat ix,  Inc. 
Billerica,  Massachusetts 


ABSTRACT 


The  last  12  months  hiive  seen  a  rapid  growth  in  the  range, 
variety,  and  number  of  artificial  vision  applications  in  factory 
use.  This  rapid  expansion  is  the  result  of  the  rapid  increase 
in  versatility  and  capability  of  relatively  low-cost,  artificial 
vision  systems.  These  have  been  used  increasingly  as  eyes  for 
the  robots  in  assembly  and  arc  welding,  as  well  as  on-kline 
vision  inspection  during  production  processes  and  off-line 
inspection  of  finished  products.  This  paper  discusses  the  new 
Autovision  4  as  an  example  of  such  modern  artificial  vision 
system  and  its  application  across  a  broad  spectrum  of  industrial 
applications  selected  from  the  automotive,  electronics,  and 
computer  industries,  and  discusses  future  areas  of  growth. 

The  factory-hardened  unit  is  packaged  in  a  sealed  cabinet  to 
protect  it  from  harsh  industrial  environments  including  fumes, 
corrosive  atmospheres,  and  metallic  dust  as  well  as  electronic 
noise. 
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Control  inputs  and  outputs  are  through  opto  isolators.  As 
compared  to  the  second  generation.  Autovision  II,  the  processing 
speed  has  been  increased  by  a  factor  of  two  to  five  times. 

The  Autovision  4  reprocessing  and  vision  processing  capability 
are  also  available  in  an  integrated  configuration  with  a  robot 
controller,  the  AI324(tm)  controller  for  robot  guidance 
applications  and  visual  inspection  or  servoing.  Whereas  the 
second  generation  Autovision  II  is  limited  to  eight  cameras,  the 
Autovision  4  can  support  sixteen  cameras.  This  can  result  in 
very  low  cost  per  station  for  applciaitons  requiring  visual 
inspection  at  moderate  speed.  The  cost  per  station  when  using 
multiple  cameras  can  be  as  low  as  $3,000  to  $5,500  depending  on 
the  camera  used  and  therefore,  are  down  to  a  small  fraction  of 
the  annual  cost  of  a  single  human  inspector. 

Artificial  vision  applications  are  highly  diversified  and  so 
ease  of  adapting  artificial  vision  systems  to  many  different 
applications  is  crucial.  In  the  case  of  the  Autovision  4  three 
levels  of  user  programming  are  possible:  1.  Application 
programming  using  the  RAIL  language  at  the  Autovision  4,  or 
remotely  through  off-line  programming  in  this  mode.  A 
manufacturing  engineer,  who  need  not  be  a  software  engineer,  can 
write  programs  for  stand-alone  operation  or  to  be  used  in  a 
menu-driven  dialogue  manner  for  use  by  the  machine  operator.  2. 
PASCA1  language  programming  to  provide  analytical  capabilities 
not  currently  available  in  the  RAIL  user  language.  3. 
Specialized  data  pre-processing  algorithms  or  techniques  for 
novel  applications,  data  formats,  etc.,  which  can  be  written  in 
assembly  language. 
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ARTIFICIAL  VISION  INSPECTION  APPLICATIONS 


The  range  of  visual  inspection  applications  has  greatly 
increased  as  a  result  of  recent  advances  in  technology.  One 
current  use  of  the  technology  is  for  inspecting  simple  parts  at 
high  speed  of  up  to  2,200  holes  per  minute.  This  inspection  of 
a  90  hole  automotive  stamping  is  in  production  use  at  a  major 
automobile  manufacturer.  The  inspecting  system  shuts  down  the 
stamping  line  system  if  any  of  the  holes  deemed  critical  are 
either  missing  or  incorrect. 

Representatives  of  more  sophisticated  applications  can  be 
demonstrated  with  a  typical  process  control,  in  which  an 
instrument  cluster  under  test  can  be  inspected  at  high 
spped  to  determine  the  correctness  of  both  analog  outputs 
(dials)  and  digital  outputs,  such  as  segments  of  a  liquid 
crystal  display  and  indicator  lamps. 

A  similar  application  is  an  experimental  application  for  a  watch 
manufacturer  who  plans  to  use  the  vision  system  to  command  a 
special  purpose  fixture  that  on  command  depresses  the  proper 
watch  buttons  to  set  the  correct  time  on  newly  manufactured 
digital  watches.  In  this  use,  the  artificial  vision  system 
observes  the  display,  compares  the  results  with  its  own  real 
time  clock,  and  signals  the  system  when  to  stop  cycling.  The 
system  will  also  verify  the  quality  of  the  display  during 
cycling. 

Another  system  using  artificial  vision  inspects  gaps  both 
between  car  doors  and  car  bodies  and  car  hoods  and  car  bodies  on 
an  automotive  assembly  line.  The  artificial  vision  system  takes 
a  large  number  of  three  dimensional  readings,  typically  80  in  35 
seconds,  and  then  does  a  statistical  analysis  on  the  readings 
and  communicates  the  information  to  earlier  stations  on  the 
assembly  line.  If  the  process  is  drifting  out  of  tolerance,  it 
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can  ba  corrected  before  it  resits  in  faulty  final  assembly,  in 
which  the  car-door-to-car-body  gap  is  either  too  tight  or  too 
loose. 

An  example  of  an  entirely  different  class  of  application  is  the 
use  for  rapid  non-destructive  testing  for  flaws  in  castings  or 
forgings.  This  involves  combining  an  artificial  vision  system 
with  a  classical  magnetic  dye  penetrant  and  ultraviolet 
illumination  technique.  The  forged  automotive  part  is 
magnetized,  immersed  in  the  dye,  and  then  placed  under 
ultraviolet  illumination  and  inspected  by  the  Autovision  system 
to  find  dye  that  has  seeped  into  cracks.  The  high  speed  system 
can  simultaneously  inspect  both  sides  of  this  forging  at  the 
rate  of  60  per  minute. 

In  the  case  of  inspection  —  where  the  average  rate  of  defective 
parts  is  already  below  one  in  a  hundred,  and  even  more  when  it 
is  below  1  in  1000  —  Artificial  Vision  becomes  far  more 
effective  an  the  human  inspector  who  must  deal  with  the 
monotony  t  blem  of  999  cries  of  "wolf"  followed  by  a  single 
defect,  a  <.  edition  in  which  human  performance  is  particularly 
poor. 

On  hundred  percent  inspection  of  simple  parts  to  replace  the 
implicit  inspection  by  the  human  operator  no  longer  present  in 
robotic  or  other  automated  assembly  tasks  is  another  growing 
area.  A  Cybervision (R)  III  system  supports  a  sophisticated 
application  of  a  robotic  assembly  system  for  the  batch  insertion 
of  keytops  in  keyboards.  In  this  system,  keytops  are  inserted 
—  using  a  series  of  vibratory  bowl  feeders  —  in  long  tubes 
after  being  automatically  inspected  by  the  vision  system  which 
also  100%  verifies  the  quality  of  the  keytop  labels.  The  second 
or  Robotic  Assembly  station,  can  then  proceed  to  insert  the  keys 
"knowing"  that  100%  good  parts  have  been  provided  and  that 
poorly  labeled  or  wrongly  labeled  keys  have  been  discarded. 
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An  interesting  and  colorful  application  combining  two  classes  of 
requirements  is  an  experimental  application  to  properly  affix 
labels  on  champagne  bottles.  In  this  application,  the  customer 
wishes  to  ensure  the  alignment  of  the  various  labels  on  the 
champagne  bottle  and  at  the  same  time  wishes  to  ensure  that  the 
bottle  is  filled  to  an  exact  fill  level. 

Another  production  line  application,  this  time  involving  color 
discrimination  using  gray  tones,  comes  from  the  pharmaceutical 
industry.  A  manufacturer  of  birth  control  pills  wishes  to 
ensure  that  each  compartment  of  a  transparent  plastic  package 
contains  a  pill  and,  further,  that  the  pill  in  each  compartment 
is  of  the  correct  type  as  determined  by  its  color. 

With  the  use  of  multiple  cameras  on  a  single  artificial  vision 
system,  the  cost  per  station  often  makes  possible  the  combining 
of  several  inspection  operations  on  an  economical  basis. 


ROBOT  POSITION  CONTROL 

The  Autovision  4  system  is  now  being  used  in  an  increasingly 
broad  range  of  visual  servoing  applications  with  the  camera 
located  either  in  the  hand  of  the  robot  or  at  a  fixed  location. 
These  applications  occur  particularly  in  connection  with  robot 
arc  welding.  In  those  cases  where  full-visual  servoing  is  not 
necessary — that  is,  where  the  problem  is  only  lack  of 
repeatability  of  the  exact  location  of  the  part  to  be  arc 
welded — the  function  of  the  Artificial  Vision  system  is  to 
determine,  in  three  dimensions,  the  location  and  orientation  of 
the  part  and  to  provide  that  information  to  the  robot 
controller.  Thus,  a  coordinate  conversion  is  applied  to  ensure 
that  the  preprogrammed  welding  path  is  correctly  executed  on  the 
shifted  part.  This  technique,  known  as  vision  Offset,  permits 
welding  of  a  less  than  ideally  fixtured  part  or  even,  if 
desired,  unfixtured  parts. 
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A  conventional  assembly  application,  demonstrated  at  Robots  VI 
in  1982,  shows  tha  assembly  of  a  small  pulse  transformer  where 
the  part-to-part  variations  are  too  great  to  permit  successful 
assembly  without  individual  correction  for  each  part*  In  these 
kinds  of  applications,  the  vision  system  is  also  frequently  used 
to  verify  the  correctness  of  the  part  as  well  as  its  position 
and  that  of  its  mating  surfaces. 

in  small-part  electronic  applications,  the  same  combination  of 
visual  inspection  and  determination  of  exact  location  -  in  this 
case  pin  location  -  is  sometimes  required  to  ensure  successful 
insertion.  The  verification  of  relay  cans  to  ensure  that  the 
correct  part  is  being  inserted,  that  it  is  not  rotated  180°  and, 
if  necessary,  to  allow  an  offset  to  ensure  that  the  pins,  as 
observed  by  the  camera,  can  be  correctly  Inserted  into  the 
printed  circuit  board. 
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U.S.  INDUSTRY  MSB 06  IN  ROBOTIC  WILDING  TSCHNOLOQY 


Robert  D.  Sigman 


PROJECTED  ROBOTIC  MELDING  GROWTH 

The  United  States  welding  robot  installations  currently  number 
about  2300  units,  2000  spotwelding  robots  and  300  arc  welding 
robots.  The  growth  projections  for  the  year  1990  are  for  22,000 
units,  12,000  spot  welding  robots  and  10,000  arc  welding  robots. 
The  current  recession  has  severly  impacted  robot  growth,  down 
15%  from  the  1981  levels,  largely  due  to  the  reduced  automotive 
industry  purchases. 

The  robot  growth  rate  in  the  U.S.  between  1985  and  1990  for  arc 
welding  robots  will  be  57%.  As  the  automotive  industry 
saturates  spot  welding  applications,  sales  will  slow 
significantly  in  favor  of  arc  welding  robots.  The  unit  growth 
of  8 pot  welding  robots  should  remain  stable  at  a  20  to  23%  rate 
through  the  1980s.  The  market  demand  in  arc  welding  robots  will 
stimulate  welding  sensor  technology  development. 


The  projected  increase  In  the  use  of  robots  for  welding  will 
dsmand  that  U.S.  welding  technology  advanca  to  support  this 
growth,  ths  wslding  processes,  materials  and  consumables  must 
improvs  with  ths  advancing  robot  oapabilitiss  to  gat  maximum 
productivity  gains. 


ARC  MBLDXHG 

Arc  walding  robots  raprasant  a  naw  dimansion  in  walding.  Thay 
provida  programmabla  automatic  walding  and  ara  fast  bacoming  a 
strong  influanca  in  a  fiald  that  to  data  is  largaly  manual  and, 
in  soma  casas,  semi-automatic  or  machanisad.  Robotic  systams 
offar  incraasad  productivity,  product  quality,  safaty  and 
aconomic  return,  and  have  proven  track  records  in  many 
applications.  Thay  will  have  a  significant  impact  on  walding 
operations  in  the  coming  years. 

A  robotic  arc  walding  system  consists  of  a  multitude  of 
integrated  components,  specified,  selected  and  designed  to 
accommodate  particular  applications,  while  retaining 
flexibility.  This  paper  addresses  the  hardwara  and  software 
ingredients  of  a  robotic  system,  and  considerations  for  either 
purchasing  a  turn-key  system  or  pursuing  internal  design  and 
development,  and  the  definition  of  responsibilities  between  the 
user  and  robot  supplier. 

Robots  are  classified  as  flexible  automation  and  are  effectively 
used  in  dynamic  situations  where  parts  are  varied.  They  are 
also  used  where  production  levels  are  lower  than  the  volume 
required  to  justify  hard  automation. 
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With  a  robot,  an  arc  welding  work  cell  may  be  multipurposed  and 
able  to  service  many  forms;  part  design  changes  may  simply  be 
made  be  reprogramming  the  robot,  as  opposed  to  extensive 
equipment  modifications. 
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The  integration  of  a  robotic  arc  welding  system  into  s 
manufacturing  operation  may  assume  many  forms.  In  the  simplest 
arrangement ,  the  operator  works  in  parallel  with  the  robot.  The 
load  and  unload  activity  ocours  while  the  robot  is  welding  at 
another  station,  resulting  in  production  improvement. 

Additional  efficiencies  can  be  realised  by  slaving  automated 
auxiliary  devices  such  as  positioners  and  material  handlers  to 
the  robot,  with  all  elements  performing  a  coordinated  sequence 
of  events.  In  the  ultimate  scheme,  the  robot  is  a  member  of  a 
flexible  manufacturing  system  where  all  production  activities, 
welding  units,  positioners,  material  handling,  etc,  are 
controlled  by  a  host  computer  that  maintains  material  flow,  load 
balance,  inspection  and  system  diagnostics. 

System  Planning 

The  most  crucial  effort  in  robotic  system  implementation  is  the 
initial  planning.  Many  associated  factors  must  be  analysed 
before  the  system  concept  can  be  defined.  This  important 
activity  can  help  to  assure  equipment  and  process  compatibility 
and  ultimate  success.  The  key  areas  to  be  analyzed  are  parts 
selection  and  processing;  robot  selection,  welding  equipment 
selection;  auxiliary  equipment  selection;  facility  requirements; 
operations  activities  and  human  factors. 


Parts  Selection  and  Processing 

The  components  to  be  welded  in  the  robotic  work  cell  should  be 
thoroughly  evaluated  in  the  following  manner.  The  parts  must  be 
compatible  with  the  robotic  system  equipment.  The  high  robot 
duty  cycle  requires  an  evaluation  of  heat  inputs  and  associated 
part  distortions.  Components  should  be  selected  such  that 
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manual  secondary  operations  art  minimi aad  and  only  uaad  to 
aupplamant  tha  robotic  welding  activity  in  araaa  with  limited 
torch  access. 

Componanta  should  ba  axaminad  with  regard  to  tha  part 
rapaatabilitiaa  and  the  quality  of  tha  weld  joints.  Componanta 
should  ba  axaminad  with  fixtura  concepts  in  mind  such  that 
fixtura  components  do  not  limit  robot  torch  accessibility.  It 
may  ba  desirable  to  perform  most  welds  in  tha  flat  position  and 
tha  parts  should  ba  avaulatad  accordingly.  Minimise  robot  arm 
articulation  that  may  causa  a  change  in  wire  cast  and  result  in 
tha  welding  arc  wandering  out  of  tha  weld  joint.  A  simplified 
method  of  group  technology  may  ba  applied  where  large  numbers  of 
different  components  are  to  ba  handled  so  fixtures  can  become 
multi-purposed.  A  simplified  form  of  value  engineering  may  be 
applied  to  identify  part  design  changes  that  could  offer 
improvements  in  robotic  welding ,  as  well  as  reduce  matorial  and 
processing  costs. 


Robot  Selection 

Industrial  welding  robots  are  available  with  numerous  work  zone 
configurations,  axes,  features,  options,  repeatabilities, 
velocities,  interface  capabilities,  and  intelligence  levels. 

The  robot  shall  be  selected  to  satisfy  the  intended  application 
as  well  as  provide  additional  capability  for  production 
modification  and  changes.  There  are  several  primary  robot 
characteristics  that  play  an  important  role  in  the  actual 
welding  and  in  the  system  integration. 

Robot  Work  zone.  It  is  obvious  that  the  robot  work  zone  and 
number  of  axes  must  be  matched  to  the  part  sizes  and  shapes.  A 
fact  that  is  not  readily  apparent  is  that  the  articulations  of 
the  arm  and  wrist  required  to  maintain  torch  position  often 
substantially  reduce  available  robot  travels  within  the  work 


zone  below  the  manufacturer's  specifications.  Difficulties  of 
this  nature  can  be  avoided  through  CAD/CAM  simulation  or  by 
verifying  the  specified  articulations  by  mocking  up  the  robot 
and  test  specimens  ref ore  installation. 

The  robot  work  zone  should  be  evaluated  in  terms  of  supporting 
multiple  operating  stations.  In  this  manner,  the  work  cell 
efficiency  increases  significantly  since  part  unloading  and 
loading  may  be  parallel  with  robot  welding.  The  techniques  that 
can  be  used  are: 

The  work  station  is  rotated  or  translated  into  the 

robot  work  zone;  and/or 

The  selected  robot  is  capable  of  physically  reaching 

multiple  fixed  stations. 

Robot  Velocities.  The  robot  must  be  capable  of  moving  at 
variable  velocities  as  required  by  the  welding  process  and  to 
proceed  aiom,  the  programmed  weld  path  in  a  consistent  manner. 
The  robot  should  also  have  the  ability  to  delay  at  the  start  of 
the  weld  until  the  puddle  is  established  and  to  delay  at  the 
completion  of  the  weld  after  motion  stops. 

Robot  Repeatabilities.  Robot  repeatability  must  be 
evaluated  against  weld  size,  expected  quality  level,  part 
fit-up,  and  location  tolerances.  It  is  important  to  note  that 
larger  weld  sizes  are  more  forgiving  and  that  small  welds 
require  better  robot  and  part  repeatability. 

Robot  Search  Tracking  of  the  Weld  Joint.  To  reduce  the  part 
preparation  cost  of  the  product,  it  may  be  desirable  to  select  a 
robot  with  the  ability  to  search  for  the  weld  joint  before 
welding  and  to  track  the  weld  joint  with  a  real  time  arc  sensor. 
These  robots  can  search  either  side  of  the  seam  and  correct  the 
program  for  the  start  of  the  weld  location. 
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During  the  welding  cycle,  real-time  arc  sensing  allows  the 
welding  arc  to  follow  the  weld  joint  movement.  This  corrected 
path  can  be  stored  for  recall  and  may  be  offset  a  predetermined 
amount  from  the  path  of  the  original  tracked  pass  if  a  multiple 
pass  weld  is  required. 

Weld  Parameter  Control.  The  robot  control  should  have  the 
capability  to  allow  weld  parameters  to  be  set  for  each  weld  and 
if  necessary  to  be  varied  from  joint- to- joint  as  they  have  been 
pre-programmed.  There  are  two  ways  in  which  this  is  normally 
accomplished; 

A  multi-schedule  power  supply  unit  activated  by  an  output  signal 
from  the  robot  can  be  used.  The  robot  output  signal  is  matched 
with  the  power  supply,  and  recalled  at  the  specific  programmed 
point.  This  scheme  permits  fine  tuning  of  the  weld  parameters 
using  potentiometers  during  the  weld  cycle;  however,  the 
voltages  and  wire  feeds  must  be  manually  set  and  are  not  part  of 
the  stored  robot  program. 

Power  supply  voltages  and  wire  filter  metal  speeds  can  be 
controlled  by  robot  programmed  entries.  In  this  case,  a  special 
interface  unit  normally  is  required  so  that  the  robot  can 
properly  communicate  with  the  power  supply  to  produce  the  proper 
parameters. 

Robot  Interface  Capabilities.  The  robot  should  be  equipped 
with  sufficient  input  and  output  capabilities  to  handle  the 
system  requirements.  Examples  of  important  robot  I/O  for  a 
welding  system  follows: 


Robot  Inputs 


o  External  part  program  selection 
o  Part  present  at  work  station  "signals” 
o  Arc  established  "signals”  before  motion  starts 
o  Safety  sensors  indicated  unauthorized  personnel  in  work 
zone  to  inhibit  motion 
o  Fixture  clamped  or  unclamped  "signals" 
o  Indexing  device  or  material  handler,  "in  position 
signals" 

o  Weld  schedule  selection 
o  Weld  start  and  stop 
o  preweld  and  postweld  purge 

o  Index  commands  to  positioners  or  material  handlers 
o  Commands  to  fixture  clamping  or  unclamping  devices 

Robot  Memory  and  Available  Programs.  Robot  systems  that 
must  handle  complicated  welds  or  a  large  variation  of  parts 
should  be  examined  for  appropriate  memory  size  and  number  of 
available  programs.  Robot  manufacturers  offer  several 
techniques  of  artificially  expanding  a  robot  memory  capability: 
disc  storage  or  other  mass  memory  techniques;  cassette  data 
tapes;  and  download  capabilities  from  a  host  computer  such  as 
DNC  or  other  equivalent  devices. 

The  most  efficient  method  is  dictated  by  the  frequency  of  change 
required  for  a  particular  application  and  the  size  of  the 
resident  robot  memory. 

Robot  Program  Selection.  Systems  that  randomly  handle  a 
lar^e  variation  of  parts  should  be  equipped  with  the  ability  to 
externally  select  the  proper  work  routine.  Several  techniques 
which  may  be  used  are  operator  panel  push  button,  card  reader  or 
bar-code  reader  input,  download  capabilities  from  host  computers 
and  other  sensory  inputs  that  define  the  pa.'t. 
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Woav< |  Capabilities.  Welding  robots  may  be  required  to 
perfom  and  weave  patterns  particularly  in  "out  of  position" 
large  and  multipass  welds,  and  in  arc  tracking  conditions. 

Weave  patterns  can  be  variable,  programmable,  and  have  the 
following  characteristics:  number  of  cycles  per  inch  or  pattern 
definition;  amplitude  of  ascillation;  dwell  period  at  right  of 
oscillation;  dwell  period  at  left  of  oscillation. 

Special  Features.  Robot  manufacturers  have  recognized 
special  needs  for  arc  welding  automation  and  the  following  items 
are  currently  available: 

o  Adaptive  control  for  tracking  the  seam  with  the  arc  or 
in  the  presence  of  the  arc. 

o  Techniques  to  locate  the  start  of  the  joint. 

o  Memorizing  of  the  tracked  first  pass  for  subsequent 
multiple  passes. 

o  Digitizing  or  examining  the  seam  before  welding  and 
providing  the  necessary  corrections  during  the  weld 
cycle. 

o  Protection  of  electronic  equipment  from  RF  noise 
associated  with  high  frequency  GTAW  starts. 

o  Off-line  programming  capabilities. 

The  use  of  these  items  is  dependent  upon  particular  application 
requirements  and  should  be  discussed  in  detail  with  the  robot 
manufacturer . 
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Welding  Squipaent 


Arc  welding  equipment  used  in  robotic  systems  is  generally  the 
conventional  type  of  machine  that  has  been  purchased  with 
several  added  and  unique  features.  Some  important  aspects  of 
robotic  welding  equipment  follow; 

o  Multi-schedule  or  robot  control  interface  capabilities. 

o  High  duty  cycle  characteristics  that  correspond  to  the 
high  robot  level  of  arc-time  for  torch  and  power  supply. 

o  Breakaway  torch  mounts  which  preclude  damage  in  a 
collision  or  electrode  or  filler  metal  sticking 
situation. 

o  Larger  wire  filler  metal  spools  that  may  be  floor 
mounted  as  opposed  to  the  smaller  arm  mounted  spools 
that  require  more  frequent  change. 

o  Automatic  burn-back  control. 

o  Simulation  capabilities  that  permit  the  system  to  be 
checked  out  without  initiating  an  arc. 

o  Capability  to  use  multiple  gas  mixtures  as  the  welding 
process  changes ,  part  to  part. 

o  Wire  filler  metal  drive  system  that  contains  a  wire 
straightening  mechanism. 

o  Frequency  modulated  "pulse  GMA”  power  source  to  reduce 
weld  spatter  and  afford  out  of  position  welding  -  lead 
photograph. 


Auxiliary  Equipment 


rhe  auxiliary  equipment  uaad  in  a  robotic  work  oall  may  ba  a 
number  of  various-components  designed  for  the  application  and 
the  desired  level  of  automation.  Normally,  the  auxiliary 
devices  are  controlled  by  the  robot  so  that  all  functions  are 
coordinated.  Examples  of  auxiliary  devices  are  welding 
positioners,  rotary  tables,  and  head  stock  devices)  nozzle 
cleaning  stations  and  anti-spatter  applicators)  material 
handlers  such  as  conveyors  and  pallet  movers)  remote  operator 
pendant  control  consoles)  and  automatic  fixturing. 

Facility  Requirements 

Plant  site  selection  for  a  robotic  installation  requires  the 
following  considerations: 

o  Floor  loading,  power,  space  and  utility  requirements,  as 
defined  by  the  robot  manufacturer,  must  be  analyzed. 

o  The  activities  or  other  equipment  in  the  adjacent  shop 
areas  must  be  considered  and  their  impact  recognized, 
such  as  GTA  welding  and  potential  effects  upon  the  robot 
electronics. 

o  The  robot  should  be  placed  in  an  area  conducive  to 
proper  shop  product  flow. 

o  Consideration  must  be  given  to  the  material  handling  of 
raw  parts  into  the  robotic  cell  and  finished  components 
out  of  the  cell,  in  addition  to  the  necessary  queuing 


o  Future  robotic  or  automated  aotivitiea  and  planned  shop 
rearrangement  should  be  considered  in  the  site 
selection. 


Operation  Activity 

At  the  time  when  the  robotic  system  is  installed  in  a  plant, 
there  are  numerous  activities  that  should  be  considered! 

o  Extensive  operator  training  with  backup  personnel. 

o  Extensive  maintenance  training  in  both  the  mechanical 
and  electrical  aspects  of  the  system. 

o  Safety  training. 

o  Complete  spare  parts  inventory  for  the  robot,  welding 
equipment  and  auxiliary  devices. 

o  Complete  inventory  of  welding  perishables. 

o  Modified  scheduling  techniques  that  effectively  use 
robot  work  cell  and  minimize  fixture  changeover s. 

o  Complete  system  documentation  to  minimize 
troubleshooting  techniques. 

o  Welding  processes  should  be  evaluated  so  that  the 
welding  parameters  can  be  defined  and  altered  in  the 
robot  system  to  improve  arc  time. 
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Human  P actors 


The  degree  of  success  in  any  robotic  installation  is  strongly 
dependent  upon  ths  amount  of  attention  and  planning  directed 
toward  the  human  factors.  Much  investigation  has  been  done  in 
this  area,  and  summaries  of  several  important  aspects  follow. 

Systems  Safety.  The  robotic  work  cell  should  be  designed 
for  maximum  safety  of  the  operators  and  other  personnel.  This 
includes  both  direct  and  indirect  methods  such  as  proper 
operator  training  and  a  thorough  knowledge  of  the  equipment; 
ongoing  safety  training  programs. 

Indoctrination.  Operator  acceptance  is  expected  to  be 
significantly  greater  if  shop  personnel  are  exposed  to  the 
details  of  the  planned  robotic  system  before  installation. 

Operator  Involvement.  Shop  operations  personnel  should  be 
consulted  for  technical  details  during  all  phases  of  a  robotic 
installation.  This  approach  will  produce  valuable  technical 
assistance  and  can  prow,  -e  an  attitude  of  involvement  that  may 
be  crucial  for  success. 

User/Supplier  Responsibilities 

Previous  sections  of  this  paper  were  directed  toward  developing 
a  basic  description  of  a  robot ’c  arc  welding  cell.  At  this 
point,  the  potentia.1  ,;iv:  m«?v  we  a  brief  understanding  of  the 
necessary  ingredients  which  are  characteristic  of  such  a  system. 
However,  the  potential  user  may  not  be  fully  aware  of  the  levels 
of  effort  required,  nor  the  division  of  responsibility  between 
user  and  robot  vendor.  It  is  .. -.portant  to  recognize  that  the 
purchase  of  a  so  called  "turn-key  system"  does  not  imply  that 
the  user's  effort  is  reduced  tc  a  minimum  level.  The 
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implementation  of  a  robotics  cell  requires  a  thorough 
understanding  of  plant  operations,  which  normally  resides  solely 
with  the  user. 
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NAVY  ROBOTIC  DSRXVBTRR 


In  th«  near  future,  the  use  of  robots  in  DoD  systems 
manufacturing  will  increase  in  parallel  with  industry. 
Maintenance  and  repair  departments  at  intermediate-  and 
depot-level  activities  will  begin  to  use  robots  as  the 
technology  matures  to  the  point  where  robots  can  deal  with  the 
complications  and  variations  associated  with  such  work.  An 
example  is  the  Navy  Robotic  Deriveter,  which  entered  a  two-year 
development  program  beginning  in  fiscal  year  1981.  Deriveting 
is  necessary  because  salt  water  causes  corrosion  damage  to 
airframes,  which  must  then  be  dismantled  for  repair.  That 
time-consuming,  tedious,  repetitive  task  will  be  done  by  a  robot 
using  an  ultrasonic  sensor  and  commonsense  artificial 
intelligence  to  "learn"  the  rivet  pattern,  rapidly  inspect  the 
airframe  structure  around  each  rivet,  and  remove  the  rivets. 

The  system  will  be  able  to  handle  several  sizes  of  rivets  in  a 
variety  of  patterns  on  many  different  aircraft  types. 
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D.  COMPARISON  Of  DoD  MID  COMWNCXAL  ONI  OT  ROBOTICS 
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SECTION  II 


SELECTED  ROBOTICS  ACTIVITIES 
WITHIN  DOD 


II  -i 


INTELLIGENT -TASK  AUTOMATION  PROJECT 


The  Materials  Laboratory  at  Wr ight-Patterson  Air  Force  Base 
and  the  Defense  Advanced  Research  Projects  Agency  (DARPA) 
have  jointly  awarded  a  $3.35  million  contract  for  real-time 
touch  and  vision  sensors,  micromanipulators,  and  controls 
for  robots  and  manufacturing  automation  systems.  The 
project  leader,  Honeywell,  is  responsible  for  the  sensors, 
controls,  system  integration,  and  computer  hardware  and 
software  development. 

The  other  three  team  members  and  their  general 
responsibilities  are:  Stanford  University — basic  robotics 
research  and  artificial  intelligence;  SRI 
International — applied  robotics  research;  and 
Unimation — robot  development  and  manufacture.  The 
Electronics  and  Materials  Lab  of  the  Air  Force  Office  of 
Scientific  Research  is  also  involved  in  the  project, 
although  not  in  its  funding. 

Honeywell  and  SRI  are  particularly  concerned  with  the 
integration  of  eye-hand  coordination  and  are  developing  3-D 
vision  systems  that  are  fast  enough  for  their  needs.  They 
are  currently  planning  to  use  three  cameras:  two  2  1/2-D 
low-resolution  cameras — one  positioned  on  the  wrist  to  look 
through  the  hand  and  another  to  be  positioned  at  a 
different  angle  for  verification;  and  a  3-D  high-resolution 
camera  to  oversee  the  entire  operation.  (2  1/2-D  involves 
planar  imaging  plus  "sparse  ranging" — the  depth  notation  of 
selected  points.) 

The  Honeywell  group  plans  to  use  u  multi-bus  distributed 
processor,  but  a  supplier  has  not  been  chosen.  The  robot 
now  being  adapted  is  a  Unimation  PUMA  560,  operating  under 
the  newly  developed  VAL-II  language.  It  should  be  noted 


that  the  final  configuration  of  the  vision  and  handling 
system  is  not  yet  established. 

The  $3.35  million  is  only  for  Phase  One  of  the  contract, 
which  ends  in  December  1984.  At  that  time,  the  sensing 
subsystems  are  to  be  demonstrated,  and  the  contract  is  to 
be  reviewed.  Phase  Two  should  culminate  in  the  automated 
assembly  of  a  microswitch  from  a  tray  of  12  randomly 
oriented  parts.  (Selection  from  a  bin,  involving  more 
complex  spatial  adjustments,  will  come  later.)  Future 
military  applications  may  involve  "surrogate  soldiers,"  for 
repairing  equipment  or  rescuing  human  soldiers  under  fire. 

The  Materials  Lab  and  DARPA  have  also  authorized  $3.25 
million  (since  raised  to  $4.8  million)  for  development  of 
"two  coordinated  robotic  arms  for  assembly  and  inspection." 
The  prime  contractor  is  Martin-Marietta,  and  the  team  also 
consists  of  Virginia  Polytechnic  Institute  of  Michigan. 
Phase  One  of  this  contract  will  end  in  1985. 
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B.  REPRESENTATIVE  FOCUS  ON  ROBOTIC  APPLICATIONS 

FOR  THE  U.S.  NAVY 

o  Primary  Areas  Affected  by  Robotics  (Vis.  R&M  and 
Readiness  for  the  Navy): 

-  Development:  Not  direct  impact  (indirectly,  robotics 
technology  must  be  reflected  in  system  designs) . 

Production:  Improve  reliability  due  to  greater 
control  over  manufacturing  processes  afforded  by 
robotics  (major  impact  of  robotics  on  industrial  base 
readiness,  as  opposed  to  operational  readiness,  is 
beyond  scope  of  study) , 

-  Operation:  Major  impact  on  manpower  as  robotics  is 
used  for  wide  variety  of  tasks  ranging  from  supply 
loading  and  refueling  to  mine  field  detonation — which 
translates  directly  into  improved  readiness  and  lower 
life  cycle  cost. 

Maintenance:  Major  impact  of  a  wide  range  of 
maintenance  activities,  from  routine  cleaning  to 
rebuild  operations  and  emergency  repairs. 
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BACKGROUND 


The  Navy  is  currently  reviewing  its  options  in  planning  for 
naval  requirements  in  the  1990s.  strategic  decisions  regarding 
new  shipbuilding  and  modernization  of  existing  ships  are  of 
critical  importance  today.  The  total  number  of  ships  in  the 
U„S.  Navy  declined  from  over  1,000  in  the  late  1960s  to  slightly 
under  550  at  present.  Naval  ship  production  in  recent  years  has 
been  at  a  considerably  lower  volume  than  it  was  during  the 
1960s.  By  the  1990s,,  many  ships  built  during  the  higher 
production  period  of  the  1960s  will  reach  30  years  of  age  and 
likely  be  retired.  In  order  to  maintain  an  adequate  level  of 
naval  forces  through  the  remainder  of  this  century,  programs  for 
modernization  of  existing  ships  will  be  required  in  addition  to 
increased  levels  of  new  ship  authorization. 

Ship  modernization  is  a  means  of  achieving  qualitative 
superiority  at  sea  even  though  the  number  of  ships  may  be  at 
minimum  acceptable  levels.  Although  a  ship's  hull  may  last  for 
30  years,  a  combat  system  may  become  technologically  obsolete  in 
10  years.  By  retrofitting  state-of-the-art  weapons  systems  onto 
existing  ships,  overall  navy  quality  can  be  upgraded  at 
considerably  lower  cost  than  through  the  construction  of  new 
ships. 

The  effect  of  a  modernization  program  is  to  improve  the  overall 
capability  of  a  ship  (engagement  range  and  firepower) .  At  the 
same  time,  life  cycle  costs  are  lowered  through  more  efficient 
usage  of  each  ship.  At  a  time  when  total  operating  costs  over 
the  life  of  a  ship  can  be  as  nigh  as  the  initial  procurement 
cost,  the  Navy  is  concerned  about  determining  ways  to  reduce 
life  cycle  costs. 

An  important  component  of  total  ship  cost  is  the  cost  of 
staffing.  The  size  of  a  typical  surface  combatant  is  determined 
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by  the  amount  of  acmamant  and  tha  craw  alia  raquirad  to  oparata 
tha  ship.  As  larger  accommodations  ara  raquirad,  tha 
construction  cost  of  tha  ship  incraasas.  Therefore,  any 
opportunity  for  raduction  in  craw  size  will  hava  an  impact  on 
ship  procuramant  cost  as  wall  as  operating  coats  over  tha  long 
term. 

A  raduction  in  staffing  is  desirable  for  other  reasons.  The 
Navy,  like  other  U.S.  military  services,  is  experiencing  serious 
combat  readiness  problems  resulting  from  an  inadequate  number  of 
experienced  enlisted  personnel.  In  addition  to  the  problems 
affecting  all  military  services,  such  as  the  perceived  low  level 
of  military  compensation,  the  Navy  must  deal  with  the  morale 
problems  resulting  from  long  tours  of  duty  at  ee a. 

Many  Naval  personnel,  faced  with  several  months  of  separation 
from  their  families,  are  reluctant  to  reenlist,  and  as  a  result, 
the  naval  reenlistment  rate  has  been  lower  than  that  of  the 
combined  services.  Because  of  the  relatively  low  retention  rate 
of  experienced  Naval  personnel.  Naval  forces  ar*  considered  to 
be  at  only  marginal  combat  readiness.  Overall  staffing  is  at 
90%  of  the  desired  strength  and  staffing  for  supervisory 
noncommissioned  offiers  is  only  at  83%  of  authorized  strength. 

In  developing  strategies  for  the  1990s,  the  Navy  is  thus 
attempting  to  address  three  basic  issues: 

o  Need  for  programs  to  reduce  life  cycle  costs  of  ships 
(both  initial  and  operating  costs) . 

o  Need  for  improvements  in  ship  capabilities. 


o  Means  of  ensuring  adequate  staffing  levels,  either  I 

through  higher  recruitment/retention  rates  or  through 
reductions  in  staffing  level  requirements. 
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In  industry,  similar  issuss  ars  being  addressed  as  manufacturing 
firms  attempt  to  improve  productivity.  One  highly  promising  new 
manufacturing  technology  being  successfully  employed  by  many 
companies  is  robotics,  which  is  the  use  of  industrial  robots  in 
manufacturing  environments  for  assembly  operations,  welding, 
machining,  painting,  transporting,  and  other  applications. 

Robots  are  currently  being  studied  by  representatives  of  many 
other  types  of  environments  for  potential  uses,  including  health 
institutions,  nuclear  plants,  mining  operations,  agriculture, 
construction,  space,  undersea  operations,  and  military  services. 

The  Navy  recognizes  the  potential  benefits  of  robotics  and  is 
interested  in  determining  the  feasibility  of  using  robotics  in 
shipboard  applications.  To  assess  this  feasibility,  two  tasks 
will  need  to  be  accomplished.  First,  an  inventory  of  all 
shipboard  labor  performed  on  a  representative  ship  must  be 
conducted  to  determine  specific  activities  that  could  be 
performed  by  robots.  Second,  a  cost-benefit  analysis  must  be 
developed  to  identify  all  costs  associated  with  the  transition 
to  robotics  (both  quantitative  and  qualitative)  and  also  the 
associated  benefits  to  be  realized.  From  this  assessment,  the 
Navy  can  then  determine  whether  or  not  to  make  changes  either  in 
the  design  of  the  ships  or  in  modernization  programs. 

The  DD  963  has  been  suggested  as  the  representative  warship  to 
be  studied.  This  is  the  Spruance  class  destroyer,  of  which  31 
ships  are  being  built.  It  was  designed  primarily  as  an 
anti-submarine  warfare  (ASW)  ship,  using  the  SQS-53  sonar  and 
ASROC  sensor-weapon  combination.  The  DD  963  would  be  employed 
as  a  surface  combatant  belonging  to  a  major  battle  group. 
Although  surface  combatants  now  serve  primarily  an  escort  role 
for  carriers,  recent  advances  in  technology  (cruise  missiles, 
ship-based  helicopters,  new  antisubmarine  sensors,  and  new 
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anti-air  war far •  ays tarns)  hava  considerably  improved  thair 
capabilities  and  may  placa  th«  surfaca  combatant  in  an  important 
position  once  again. 

The  DD  963,  with  a  displacement  of  nearly  8,000  tons  and 
accommodations  for  a  craw  of  nearly  300,  is  a  good  example  of  a 
surfaca  combatant  that  may  be  upgraded  in  importance.  Although 
initially  criticized  for  deficiencies  in  combat  capability,  it 
is  being  augmented  with  additional  armament  to  greatly  improve 
its  capabilities. 


POTENTIAL  ROBOTICS  APPLICATIONS 

There  are  three  fundamental  tasks  that  can  be  performed  by 
robots  at  the  present  time: 

o  Displacement — the  movement  of  work  pieces  or  other 

items,  such  as  loading  or  unloading,  conveying,  and 
palletizing. 

o  Processing/Fabricating — the  processing  of  an  item  in 

addition  to  moving  it,  such  as  assembly,  welding, 
painting,  or  cutting. 

o  Inspection/Control — the  inspection  of  an  item  for 
control  purposes  (dimensional  or  quality  control) . 

These  capabilities  appear  to  have  potential  shipboard 
applications.  The  most  likely  areas  of  robotics  applications, 
as  shown  in  Exhibit  A,  would  probably  be  found  in  the  areas  of 
maintenance,  cleaning,  and  routine  repairs.  Here  the 
displacement  and  processing  capabilities  of  robots  could  have  an 
impact  on  staffing  requirements.  There  may  also  be  applications 
in  combat  situations,  such  as  loading  and  unloading  ammunition 
or  transporting  ammunition. 
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In  general,  although  a  shipboard  environment  is  considerably 
different  from  a  manufacturing  environment,  the  conditions 
necessary  for  using  robots  appear  to  be  present  on  ships. 

Robots  may  have  advantages  where  the  work  is  dangerous,  when  the 
work  is  repetitive,  when  robots  can  perform  better  quality  work 
than  humans,  or  where  robots  can  perform  the  work  at  lower  cost. 
In  determining  potential  applications,  it  will  be  necessary  to 
consider  the  division  of  labor  between  humans  and  robots  and  the 
interactions  between  them.  That  is,  which  tasks  should  be 
performed  entirely  by  robots,  entirely  by  humans,  or  by  both? 

Because  the  field  of  robotics  is  new,  it  will  be  essential  that 
this  study  consider  likely  new  developments  that  may  have 
shipboard  applications  in  the  future.  New  areas  of  research  now 
underway  include  the  following: 
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POfSHTXAL  SHIPBOARD 
APPLICATIONS  OP  ROBOTICS 


EXHIBIT  A 

Robot  Capability 

Shipboard  Taak  Displacement  processing  Inapact.ion 

Gu idance/N av iga  t ion 

Maintenance 

(Painting,  Wasta)  x  x  x 


Cleaning  x  x  x 

Routine  Repairs 

(Welding,  Etc*)  x  x 


Emergency  Repairs 
(Hull,  Engine) 


x 


x 


X 


Supplies 

(Loading,  Storage, 

Usage)  x 


Food  Preparation  x  x 


Inspection 
(E.G.,  Hull) 


x 


Communications 


Ammunition  Transport 

&  Loading  x  x 


Fire  Control 


x 


x 


Search  and  Rescue  x 


x 


x 


x  ■  Potential  Application 


o  Robot  sensing  capability— tha  ability  of  robots  to 

aanaa  (through  contact  or  vision/  ths  environment  for 
monitoring/  inspection/  and  positioning.  Sensing 

t 

capabilities  are  relatively  undeveloped  at  present. 

o  software/hardware  design— improved  computer  linkages 
for  programming  robots. 

o  Locomotion— the  ability  of  a  robot  to  move  among  a 

predetermined  path. 


C06T-BKNEF IT  ANALYSIS 

The  critical  second  phase  of  this  investigation  would  involve  a 
comprehensive  analysis  of  all  costs  associated  with  a  transition 
to  shipboard  robotics  and  a  comparison  with  expected  benefits. 
Both  initial  and  operating  costs  and  benefits  will  need  to  be 
considered  in  order  to  properly  evaluate  the  total  impact  of 
shipboard  robotics  over  the  lifetime  of  a  ship. 

As  a  first  step,  categories  of  costs  and  benefits  will  need  to 
be  defined,  and  then  both  quantitative  and  qualitative  impacts 
must  be  determined.  Potential  benefits  of  shipboard  robotics 
include  the  following: 

o  Decrease  in  ship  construction  costs  resulting  from 
decreased  need  for  accommodations. 

o  Lower  operating  costs  because  of  reduced  staffing 
levels. 

o  Higher  retention  rate  because  of  lower  staffing 
requirements. 

o  Improved  morale  of  Naval  personnel. 
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o  Higher  quality  of  available  personnel. 

o  Increased  combat  readiness. 

o  Reduction  in  casualties  in  combat. 

o  Reduction  in  probability  of  human  error. 

o  Lower  repair  costs. 

o  Improved  capability  during  combat. 

Several  areas  of  potential  cost  increases  also  need  to  be 
considered i 

o  Initial  development  cost  for  robotics, 

o  Cost  of  ship  design. 

o  Maintenance  costs  for  robotics  machinery, 
o  Cost  of  space  required  for  robotics, 
o  Development  risk. 

o  Potential  negative  impact  on  crew  morale  (e.g., 
increased  boredom) . 

o  Likelihood  of  errors  in  combat  situations. 

The  model  that  compares  these  costs  and  benefits  must  consider 
short-  and  long-term  implications,  and  it  must  relate  these 
impacts  to  the  objectives  and  strategies  of  the  Navy  in  order  to 
properly  assess  the  opportunities  for  shipboard  robotics. 
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C.  DoO's  I1DOSTMAL  MODSRNI&ATIOM  IMPROVBMSNT  PROGRAM 

XMXP  is  s  Department  of  Defense  (DoD)  program  to  encourage 
industry  to  invest  in  modernisation  of  the  U.S.  Industrial 

Base. 

The  policy  is  described  in  Department  of  Defense 
Instruction  (DODX)  5000. XX,  "DoD  Industrial  Modernisation 
Incentives  Program"  (DRAFT  dated  7  July  82) ,  now  undergoing 
test. 

IMIP  includes  the  earlier  Air  Force  Technology 
Modernisation  (TECH  MOD)  program. 

IMIP  (and  TECH  MOD)  programs  require  use  of  analytic 
techniques  developed  under  the  USAF  ICAM  program.  We  will 
discuss  these  techniques  later. 


The  General  Dynamics  (Fort  Worth)  F16  production 
modernization  program  was  the  prototype  for  the  IMIP/TRCH 
MOD  program. 

| 

GD  and  USAF  will  share  in  the  anticipated  $500  million  cost 
savings  (on  a  run  of  1388  aircraft) . 

j 

j  USAF  agreed  to  provide  $25  million  to  GD  to  help  finance 

!  the  factory  modernization  program. 


GD  agreed  to  invest  $100  million  to  implement  the  results 
of  development  program  for  factory  modernization. 


!  GD  employed  the  top-down ,  structured  analysis  of  the 

j  factory  that  is  the  keystone  of  the  TECH  MOD/IMIP.  This 

;  technique,  "Structured  Analysis  and  Design  Technique  (SADT) 

*  /IDEFq  (ICAM  Definition  Method,  Version  Zero)"  was  also 

1  used  for  the  preparation  of  all  project  work  plans. 
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MACHINE  VISION 


Up  to  50,000  machine  vision  systems  will  be  in  U.S. 
manufacturing  plants  within  10  years,  and  they  will  be 
priced  below  $10,000  by  1992,  according  to  a  recent  Tech 
Tran  Corp.  study.  At  least  one-third  of  them  will  be  used 
in  conjunction  with  robots.  Improved  machine  vision  systems 
were  the  highlights  of  the  Chicago  Robots  7  Conference  and 
Exposition.  Integrated  camera  and  computer  systems  combined 
with  robotic  arms  were  featured  by  many  companies.  Even  the 
state  of  Michigan's  Environmental  Research  Institute  has 
formed  a  commercial  vision  system  company,  Synthetic  vision 
Systems  in  Ann  Arbor  to  promote  the  Cytocomputer  III  system, 
which  uses  high-resolution  imaging  to  recognize  object 
features  at  high  speed. 

Auto  Industry 

Doorposts  of  the  Cadillac  Cimarron  and  the  Chevrolet 
Cavalier  autos  are  welded  by  a  four-robot  arc  welder  using 
three-dimensional  optical  scanning.  The  Robot  Optical 
Welding  System  (ROWS)  uses  a  3-D  camera  mounted  on  the  wrist 
of  each  robot,  making  two  passes  over  each  area  to  be 
welded.  The  first  pass  is  the  vision  pass  to  determine  the 
correct  welding  path.  The  second  pass  is  the  actual  welding 
pass  in  which  the  camera,  linked  by  computer  to  the  arc 
welder,  guides  the  weld.  This  two-pass  system  is  similar  to 
Unimation's  Univision  II.  The  ROWS  system  was  developed 
jointly  by  G.M.,  Cincinnati  Milacron  and  Robotic  Vision 
Systems,  Melville,  New  York.  In  future  developments,  G.M. 
will  be  aiming  for  a  single  pass  system  to  weld  cars  on  the 
move  in  the  assembly  line  rather  than  the  off-line,  two-pass 
system. 

Ford,  not  to  be  outdone,  has  matched  a  vision  system  to  an 
impulse  laser  welding  system  in  their  Batavia,  Ohio, 
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transmission  plant.  A  matrix-type  camera  examines  the 
transmission  shafts  and  locates  the  true  center  of  the  pins 
to  be  welded.  Then,  a  controller  processor  instructs  the 
impulse  laser  (Raytheon  501  type)  in  positioning  the  weld. 
One  advantage  of  the  laser  weld  is  that  the  initial  beam  can 
be  more  intense  than  the  rest  of  the  pulse,  causing  greater 
melting  at  first,  allowing  both  deep  and  shallow 
penetrations  in  hard-to-reach  places. 

Two  Arms  System 

Twin  robotic  arms  are  wiring  and  soldering  electric  fans  for 
Toshiba  in  Japan.  One  arm  is  equipped  with  a  CCD  (charge 
coupled  device)  camera  to  monitor  object  positions  while  the 
other  arm  performs  the  soldering.  The  system  has  10 
microcomputers  linked  together  to  process  data  and  provide 
visual  information  in  real-time  manufacturing. 

Irregular  Joints 

General  Electric's  WELDVISION  SYSTEM  steers  a  TIG  (tungsten 
inert  gas)  welding  robot  along  irregularly-shaped  joints  and 
seams  making  adjustments  as  it  travels.  Using  lenses  to 
look  ahead  of  the  welding  electrode,  the  system  anticipates 
variations.  Welding  speeds  are  expected  to  double  according 
to  G.E.,  who  expects  to  start  system  deliveries  in  December 
1983. 

Honeywell 

A  two-year  program  to  improve  real-time  intelligent  vision, 
range,  force  and  touch  sensing  of  robots  costing  over  $3 
million  has  been  contracted  by  the  Department  of  Defense. 
Honeywell's  Technology  Strategy  Center  in  Minneapolis  will 
manage  the  program  working  with  Stanford  University,  SRI 
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International  and  Unimation.  To  achieve  3-D  vision*  three 
cameras  are  used. 

Scratches 

'  '  V 

Dent*  bumps  and  scratches  in  shiny  metal  can  be  detected  by 
a  vision  inspection  system  designed  by  Rensselaer  Poly tech* 
Troy*  New  York.  A  diffused  light  source  projects  a  grid  on 
the  shiny  metal  surface.  A  TV  camera  connected  to  a 
computer  measures  the  uniformity  of  the  grid*  interpreting 
converging  lines  as  a  dent  and  diverging  lines  as  a  bump. 

The  camera  also  scans  for  scratches  that  reflect  the  light 
differently  than  the  smooth  surface  does. 

Other  innovations  in  quality  control  inspection  systems  come 
from  Automatix*  Billerica*  Massachusetts*  and  Bendix 
Automation,  Dayton,  Ohio.  Automatix  uses  a  statistical 
quality  control  software  program  to  detect  when  a  part's 
specification  begins  to  drift  from  standard,  allowing 
preventative  action  before  the  part  becomes  a  reject. 

Bendix  has  developed  their  QUADRAX  inspection  system*  which 
inspects  different  parts  in  any  order  without  a  skilled 
operator.  Three  different  colored  lights  tell  the  operator 
if  the  part  is  accepted,  marginal*  or  rejected.  Bendix 
claims  speeds  three  times  faster  than  coordinate  measuring 
machines. 


TACTILE  SENSORS 


Mechanical  fingers  with  256  tactile  sensors  in  the  fingertip 
have  been  developed  in  France,  at  M.I.T.'s  Artificial 
Intelligence  Lab,  and  in  Japan.  Industrial  applications 
will  require  recognizing  and  orienting  objects  grasped  with 
an  entire  hand,  calling  for  coordination  among  all  the 
fingers. 

The  I-BOT  1  vision  system  includes  an  electrically  driven 
parallel*- jaw  gripper  equipped  with  both  pressure  and  optical 
sensors.  The  interruption  of  a  beam  of  light  directed 
between  the  tips  of  the  jaws  alerts  the  control  system  to 
the  presence  of  an  object. 


C.  CHEMICAL  8BN90RS 

Chemicals  that  respond  to  ultraviolet  light  not  only  guide 
robot  mailcarts  through  office  buildings  but  are  also  a  key 
part  of  a  new  guidance  system  in  which  the  chemical  is 
coated  over  the  part  to  be  processed  or  the  tool  to  be  used. 
Instead  of  outside  programming,  this  system  from  Natmar, 
Inc.,  Cincinnati,  Ohio,  uses  an  optical  scanner  tc  sense 
ultraviolet  properties  of  the  chemical  to  trigger  a  variety 
of  manufacturing  and  material  handling  functions,  including 
robotic  aim  movements. 
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VOICE  RECOGNITION 


Market  researchers  at  International  Resource  Development, 
Norwalk,  Connecticut,  predict  that  commercial  voice  products 
will  grow  as  follows: 


(Amounts  in  millions) 

1982 

1984 

1987 

Voice  Synthesis/Output 

$15 

$48 

$237 

Store-and-Forward  Telephone 
Switching 

6 

32 

274 

Voice  Recognition 

5 

25 

270 

The  explosive  growth  of  voice  recognition  between  1984  and 
1987  is  based  on  the  anticipated  expansion  of  user-friendly 
office  information  systems  that  will  provide  voice  commands 
and  feedback  in  distributed  processing  networks.  The  use  of 
programmable  chips  and  circuits  adaptable  to  many  types  of 
computers  including  personal  micros  will  make  it  practical. 
Recent  developments  in  VLSI  (very  large  integrated  circuits) 
and  speech-processing  algorithms  (software  patterns)  have 
also  helped  it  along. 

Texas  Instruments 

A  major  factor  in  the  commercial  field  of  voice  applications 
has  to  be  Texas  Instruments  (T.I.).  Long  dominant  in  the 
children  toy  and  educational  market,  they  have  now  added 
voice  recognition  to  their  new  Professional/Personal 
Computer.  They  have  also  developed  a  Multibus  version, 
which  is  a  digital  signal-processor  board  (SBSP  3001)  with 
32  seconds  of  vocabulary.  T.I.  claims  that  it  can  equate  to 
1000  words.  The  heart  of  the  system  is  the  TMS  320  chip,  a 
32-bit  signal  processor  that  can  execute  five  million 
instructions  per  second. 
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T.I.'s  commercial  name  for  the  computer  add-on  is  NLI , 
Natural  Language  Interface}  it  has  a  structured  and  limited 
vocabulary.  Competing  in  the  very  intense  office  market, 
T.I.  is  expected  to  sell  at  least  30,000  of  these  computers 
this  year,  many  of  which  should  include  the  voice 
recognition  package. 

The  first  inexpensive  voice  recognition  products  will  be 
appearing  on  the  mass  market  in  August  on  the  T.I.  model  99 
4/A  home  computer  and  in  November  on  Atari's  VCS  2600  and 
5200  video  games.  Made  by  Milton  Bradley,  these  devices 
will  sell  for  under  $90.  They  will  recognize  about  12 
words,  which  the  speaker  must  pronounce  twice  into  the 
headset  microphone  for  computer  recognition.  Atari  and 
Milton  Bradley  are  planning  18  different  speech  recognition 
games  over  the  next  three  years. 

Other  Players 

Interstate  Electronics,  Anaheim,  California  makes  a  voice 
recognition  add-on  for  a  DEC  terminal,  costing  about  $1300. 
They  rely  on  pattern-matching. 

Votan,  Hayward,  California,  offers  boards  and  systems  for 
stand-alone  speech  recognition  in  quality  control  checking 
of  factory  production,  in  shipping  and  receiving 
departments,  with  50  word  vocabularies. 

IBM  research  is  developing  speaker-independent  vocabularies 
of  over-,  5000  words  requiring  main-frame  computers. 

Verbex,  Bedford,  Massachusetts,  is  about  to  offer  a  high-end 
data  entry  terminal  with  a  300-word  vocabulary  for 
speaker-dependent  applications. 
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Threshold  Technology#  Delran#  New  Jersey  makes 
speech-recognition  plug-in  modules  for  the  Hewlett-Packard 
Series  80  personal  computers  with  120  words  of  recognition. 

Intel  Corp.  is  producing  chips  containing  speech  algorithms 
so  that  their  customers  and  OEMs  can  customize  them. 

The  Japanese  companies  are  concentrating  on  two  separate 
markets.  Hitachi#  Sharp  and  Matsushita  are  more  into 
consumer  products  with  voice  outputs.  Toshiba  has  developed 
a  CMOS  chip  that  can  record  and  synthesize  12  seconds  of 
speech  with  no  external  RAM.  NEC  and  Nippon  Tel.  and  Tel. 
offer  chips  and  full  systems  for  speaker-dependent  users 
with  an  unlimited  Japanese  vocabulary  and 
speaker- independent  models  with  a  128-word  vocabulary. 

Microvoice  Systems#  Laguna  Hills#  California#  offers  two 
minutes  of  speech  in  16  separate  phrases  for  $675. 

Telephone  companies  such  as  Western  Electric  and  Rolm  are 
involved  in  the  communication  aspects  of  voice 
r  ecog  nition/ou  tpu  t . 

European  and  British  companies  include  Philips  of 
Netherlands#  Triangle  Digital#  Costronics#  Logica  Ltd.  and 
Marconi  Space.  Logica' s  system  is  speaker-dependent  with  a 
2000-word  vocabulary  and  is  called  LOGOS. 

Industrial  Applications 

Hitachi's  speech  recognition  system  to  control  machinery  and 
palletizing  by  voice  command  was  introduced  last  winter  in 
Osaka#  Japan  and  probably  will  not  come  to  the  U.S.  for  a 
while. 
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An  industrial  control  system  using  programmed  synthesised 
human  speech  is  available  from  C.A.  Briggs  Co.,  Glenside, 
Pennsylvania.  It  alerts  a  machine  operator  to  emergency 
conditions  with  specific  corrective  instructions  in 
sentences  of  up  to  12  words  each. 


3.  ADDITIONAL  RELEVANT  TECHNOLOGIES 


\ 
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HOW  MEMORY  CAPACITIES  COMPARE 
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SECTION  IV 


METHODS  FOR  THE  EVALUATION  AND  SPECIFICATION 
OF  ROBOTIC  SYSTEMS 
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A.  USAF  I  CAN  PROQRAH  (Integrated  Computer-Aided  Nenufeeturing) 


The  USAF  ICAM  program  is  a  large  ($100  million)  program 
that  has  the  objective  of  developing  new  methods/approaches 
to  factory  modernisation,  demonstrating  the  effectiveness 
of  the  new  methods/designs,  and  transferring  the  new 
technology  to  the  U.s.  industrial  community. 

USAF  provides  "seed  money"  for  contractors  to  accomplish 
the  development  of  the  new  technology.  Contracts  are  for 
"coalitions"  of  contractors,  including  a  prime  contractor, 
say  Northrop,  with  other  participating  contractors,  say, 
Lockheed  and  Boeing,  plus  a  university  and  private 
consulting  firms.  The  intent  is  to  obtain  maximum 
generality  of  results  and  maximum  acceptance  by  the 
industry. 

o  Factory  Analysis 

The  foundation  of  the  ICAM  approach  is  the  factory 
analysis,  which  leads  to  a  factory  architecture  (how 
the  factory  operates  now) .  The  factory  analysis 
includes  a  function  model,  an  information  model,  and  a 
dynamic  model. 

Creation  of  the  factory  architecture: 

oo  Leads  to  a  better  understanding  of  how  the 
factory  actually  works  at  present. 

oo  Helps  to  identify  problem  areas 

(disproportionately  expensive  operations, 
operations  that  contribute  to  poor  quality.  Human 
Factors-related  problems) 


n 

$ 

I 

k 
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oo  Provides  the  baseline  description  ("As-Is")  that 
will  evolve  into  e  "To-Be"  model  as  improvement 
concepts  are  developed,  proved  out,  and 
integrated  into  the  design. 

Analytic  Tools 

Function  Modeling  Method  (IDEFq) 

Information  Modeling  Method  (IDEFi) 

Dynamic  Modeling  Method 

ICAM  Decision  Support  System  (IDEFj/  IDDSS2.0) 
(Computer-based  simulation  system  for  exercising  IDEF2 
model) 


Interim  AUTOIDEF 


I CAM  LIFE  CYCLE  STEPS 


UNDERSTAND  THE  PROBLEM 


1.  ANALYZE  NEEDS 

2.  ESTABLISH  REQUIREMENTS  DEFINITION 
FORMULATE  AND  JUSTIFY  SOLUTION 


3.  PERFORM  PRELIMINARY  DESIGN 

4.  PERFORM  DETAIL  DESIGN 

CONSTRUCT ,  INTEGRATE  AND  TEST 


5.  CONSTRUCT,  VERIFY  AND  TEST 

6.  INTEGRATE,  VALIDATE  AND  TEST 

IMPLEMENT  AND  MAINTAIN 


7.  IMPLEMENT  AND  USE 

8.  MAINTAIN  AND  SUPPORT 
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BATTELLE  STUDY  OF  OKLAHOMA 
ENGINE  REPAIR  FACILITY 


INTRODUCTION 


The  ICAM  Approach 


Beginning  In  1976*  the  U.S.  Air  Force  launched  e  program  Intended 
to  help  American  Industry  Improve  productivity  through  the  systematic  appli¬ 
cation  of  computer  technology  to  the  problems  of  manufacturing.  This  program 
Is  called  ICAM:  Integrated  Computer  Aided  Manufacturing.  The  ICAM  approach 
provides  a  system  of  proven  and  demonstrated  tools  .and  techniques  to  help 
define,  conduct,  and  monitor  CAD/CAM  projects.  The  approach  provides  (1) 
a  means  for  comnunlcatlon  between  management  and  technical  people,  and  (2) 
a  procedure  to  Insure  that  capital  funds  are  spent  on  the  best  possible 
project.  Procedure  and  language  are  among  the  tools  and  techniques  of  the 
ICAM  approach.  The  procedure  Is  found  In  the  systematic  sequence  of  events 
called  the  ICAM  Life  Cycle.  The  language  Is  found  In  the  methodology  called 
the  ICAM  Definition  Language  (IDEF). 

The  ICAM  Life  Cycle  consists  of  a  sequence  of  top-down  planning 
steps  through  a  model,  or  architecture  of  manufacturing,  and  bottom-up 
Implementation  of  Individual  subsystems.  The  objective  Is  planning  and 
organization  of  bottom-up  development  of  subsystems  that  can  be  Integrated 
ultimately  Into  one  manageable  system  to  produce  maximum  benefits. 

The  ICAM  Life  Cycle  consists  of  four  major  and  eight  minor  steps 
as  shown  below: 


Understand  the  Problem 


Needs  Analysis 
Requirements  Definition 
Preliminary  Design 
Detailed  Design 
Construction  and  Verification 
Integration  and  Validation 
Implementation  and  User 
Acceptance 

Maintenance  and  Support 

The  following  sections  briefly  describe  the  content  of  the  first 
step,  "Understand  the  Problem,"  which  Is  the  subject  of  the  four  volumes  of 
this  report. 
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Formulate  the  Solution 


Build  the  Solution 


Implement  the  Solution 


ICAM  Step  1 

Understand  th«s  Problem 


d 


In  this  contract  the  "problem"  to  be  understood  Is  the  Engine 
Repelr  Facility  at  OC-ALC.  Specific  areas  of  operations  which  require 
detailed  understanding  Include: 

e  Technical  specifications  for  gas  turbl-ne  engine  repair 
e  Technology  of  repair  processes  In  the  ERF 
e  Resources  available  In  the  ERF 
e  Characteristics  and  projections  of  the  workload 
e  Characteristics  of  the  ERF  organization 
e  Management  practices 
e  Information  and  data  requirements 
e  Relationships  of  the  ERF  to  external  organizations. 

In  the  ICAM  Definition  Language  these  and  other  areas  of  Interest  are  grouped 
In  five  categories,  namely: 

e  Controls  and  constraints 
e  Inputs 
e  Outputs 
e  Resources 
e  Functions. 

Understanding  of  these  five  Important  areas  are  obtained  through  the  data 
collection  activities  of  the  two  minor  steps  of  ICAM  step  one,  l.e.,  the 
analysis  of  needs  and  the  definition  of  requirements. 
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Needs  Anal  Vila 

Analysis  of  needs  Is  the  Initial  activity  In  a  davalopmant 
program.  Tht  objective  Is  to  astabllsh  goals  of  tha  "To-Be"  systam  by 
dascrlblng  at  a  high  level,  araas  to  ba  Impactad,  systam  capabilities, 
costs,  benefits,  and  expected  return  on  Investment.  Tha  Needs  Analysis 
provides  a  high-level  statement  of  constraints  to  which  the  new  design 
must  conform. 

Raoul raments  Definition 

The  Requirements  Definition  step  provides  descriptions  of  the 
existing  or  "As-Is"  operation.  Description  Is  In  the  form  of  (1)  models 
In  the  IDEF  language  which  Illustrate  the  operation  from  three  different 
points  of  view,  (2)  review  of  the  state  of  the  art  of  existing  as  well  as 
needed  technologies,  and  (3)  concepts  for  Improvement  of  systems  and  sub¬ 
systems. 

The  IDEF  models  of  the  "Understand  the  Problem"  step  are  com¬ 
posed  In  two  contexts,  l.e.,  factory  view  and  composite  view  models.  The 
factory  view  models  represent  the  present  conditions  In  the  operation 
being  studied.  The  composite  view  models  represent  a  synthesis  of  the 
operation  being  studied  with  other  similar  operations  of  cooperating 
subcontractors  and  others.  Models  In  each  of  these  two  contexts  take  the 
following  three  specific  forms: 

IDEFq- Function  Model.  The  function  model  provides  a  hierarchical 
description  of  the  manufacturing  operation  In  terms  of  the  activities  or 
functions  which  take  place.  It  also  shows  the  objects  and  Information  Input 
to  the  function,  the  output  from  the  function,  the  controls  upon  the  function, 
and  the  mechanisms  or  resources  which  perform  the  function.  A  graphical 
methodology  Is  employed  to  Illustrate  the  movement  of  objects  and  data  and 
sequence  of  functions.  Each  model  Is  supported  by  text  and  glossary  to 
provide  further  detail  to  the  graphical  description;  By  further  graphical 
Illustrations,  each  function  can  be  decomposed  to  any  extent  to  provide 
necessary  levels  of  detail. 
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IDEF]  -Information  Modal .  The  Information  modal  provldas  a 
dlffarant  viewpoint  of  tha  oparatlon  balng  understood.  This  modal 
focusas  on  tha  structure  and  Interrelationships  among  tha  Information 
which  support  tha  functions  being  performed.  A  graphical  methodology 
Is  used  to  Illustrate  tha  relationships  among  entity  classes  of  In* 
formation  which  have  common  attributes.  Pages  of  text  support  tha 
diagrams  with  definitions  of  tha  content  of  entity  classes  and  attri¬ 
butes. 

IOEF*  -Dynamic  Model.  The  dynamic  model  presents  a  third 
viewpoint  of  the  manufacturing  operation.  This  model  shows  the  time  and 
sequence  dependent  characteristics  of  the  operation.  It  serves  as  a  way 
to  analyse  the  Interaction  of  functions  and  Information  over  time,  and  Is 
essentially  a  process  flow  diagram.  The  IDEF2  graphical  methodology 
provides  an  Illustration  of  the  operation  and  serves  as  a  franmwork  for 
accumulation  of  data  to  facilitate  system  simulation. 

The  second  Important  activity  of  the  Requirements  Definition 
step  Is  a  review  of  the  state  of  the  art  of  existing  (as-ls  operation) 
technologies  as  well  as  of  needed  (to-be  operation)  technologies.  The 
state-of-the-art  review  broadens  the  perspective  of  the  program  team  . 
regarding  the  as-ls  operation,  Its  functions  and  enabling  technologies 
and  resources.  The  review  extends  to  (1)  vendors  of  comnerclal  equipment 
to  facilitate  the  as-ls  functions,  (2)  practitioners  of  the  functions 
and  technologies  In  other  similar  manufacturing  operations,  and  (3) 
recognized  experts  In  the  as-ls  needed  technologies  from  the  academic  and 
research  and  development  sectors. 

An  Important  output  of  the  state-of-the-art  review  Is  the 
Identification  of  technology  voids.  These  are  areas  where  the  commercial 
offerings  or  the  technological  capabilities  of  the  academic  and  R&D  sectors 
do  not  support  required  Improvement  and  Integration  of  the  as-ls  operations 
Into  a  computer-aided  manufacturing  concept.  Technology  voids  Identify 
constraints  upon  progress  or  targets  for  research  and  development. 


The  third  Important  activity  of  th*  Requirements  Definition 
step  Is  the  identification  of  Improvement  concepts  for  the  operations 
being  understood.  Improvement  concepts  can  take  many  forms  including: 
e  Physical  or  sequential  rearrangement  of  functions 
e  Introduction  of  different  but  familiar  technologies 
t  Development  of  novel  technological  approaches  or 
machinery 

•  Integration  of  functional  subsystems  by  development 
of  coordinating  hardware  and  software. 

Improvement  concepts  might  be  described  at  a  high  level  by  textual 
descriptions  of  Ideas  or  references  to  commercial  literature. 

A  final  activity  of  the  Requirements  Definition  step  Is  com¬ 
puter  simulation  of  the  As-Is  Dynamic  Factory  Model.  Simulation  offers 
an  opportunity  to  observe  relationships  of  the  time-dependent  characteristics 
of  the  as-ls  operation  and  to  Introduce  new  conditions  of  workload,  con¬ 
straints,  and  variables.  Several  software  tools  are  available  to  facilitate 
simulation  based  on  the  IDEFg  models.  An  Initial  simulation  package,  ICAH 
Decision  Support  System  (IDSS)  Version  1,  was  developed  by  Hughes  and  Is 
an  on-line  system  designed  to  simulate  manufacturing  processes.  This  system 
Is  based  on  a  generalized  function  model  which  uses  process  flow  diagrams 
to  describe  the  processes  being  simulated.  IDSS  Version  1  provides  a 
language  for  the  expression  of  systems,  a  data  base  for  capturing  and 
maintaining  a  system  concept  and  a  simulation  capability  for  performing 
systems  analysis.  IDSS  Version  1  can  be  executed  Interactively  by  com¬ 
municating  with  a  host  computer  via  a  terminal.  Currently,  IDSS  Version  1 
Is  hosted  on  CYBERNET,  a  network  supported  by  the  Control  Data  Corporation. 

A  more  recently  implemented  simulation  system  which  extended  the 
concepts  of  IDSS  Version  1  is  entitled  I CAM  Decision  Support  System,  Proto¬ 
type  (2.0),  hereafter  et  *5ted  IDSS  2.0.  IDSS  2.0,  developed  by  Prltsker 
&  Associates,  was  completed  around  March,  1982.  It  consists  of  an  Inter¬ 
active  software  system  which  directs  a  user  In  performing  each  of  the 
following  four  tasks:  Model  Build,  Translation,  Run  and  Output.  IDEFg 

Models  are  developed  entirely  at  a  graphics  terminal  or  teletype.  Model 
translation  and  simulation  are  performed  automatically. 
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This  Program 

Manufacturing  Technology  Eor  Gas  Turbine 
Engine  Repair  Center  oC-ALt 

This  ICAM  life  cycle  Is  being  employed  on  this  program  to 

provide 

e  A  detailed  model  of  blade  repair  activities  both 
In  the  "as-ls"  and  "to-be"  forms 
t  A  high  level  model  of  the  Engine  Repair  Facility 
(ERF)  at  OC-ALC  for  future  planning  and  Integration 
e  A  simulation  model  of  the  high  level  ERF  to  provide 
a  management  tool  for  allocating  resources  and 
establishing  entity  flows 

e  Detail  design,  construction,  and  Implementation  of 
an  Integrated  Welding  and  Grinding  (IWAG)  cell  and 
subsequently,  an  Integrared  Blade  Repair  Center 
(IBRC). * 

While  the  time  constraints  Imposed  by  the  contract  on  this 
program  did  not  fully  allow  the  natural  flow  for  the  ICAM  life  cycle 
(limedlate  progress  In  turbine  blade  welding  and  grinding  was  required), 
nevertheless,  Battelle  feels  that  the  approach  is  valuable.  Sufficient 
Information  has  been  recorded  to  provide  Integration  means  for  bottom-up 
Implementation  of  the  Improvements  recommended  for  the  Engine  Repair 
Facility  and  Its  subsystems. 

Battelle  also  feels  that  the  application  of  this  ICAM  approach 
can  be  extended  to  other  government  and  private  sector  Industries  for  use 
In  Implementation  of  advanced  technology.  The  knowledge  gained  during 
the  application  of  the  ICAM  methodology  at  OC-ALC  indicates  that 

§  This  disciplined  approach  to  examining  and  documenting 
a  manufacturing  system  can  provide  a  thorough  under¬ 
standing  of  complex  processes 
t  The  results  of  the  examination  can  provide  a  "roadmap" 
for  future  Integrated  Improvements 
•  The  Information  collected  can  serve  as  a  firm  basis 
for  the  design  and  Implementation  of  these  integrated 
Improvements. 
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OBJECTIVES 


This  Program 

The  overall  objective  of  this  program  is  to  establish  an 
ICAM  architecture  for  the  Oklahoma  City  Air  Logistics  Center  (OC-ALC) 

Engine  Repair  Facility  (ERF)  for  use,  first  in  the  design,  construction, 
and  Implementation  of  an  automated,  Integrated  welding  and  grinding 
(IWAG)  cell  for  repair  of  turbine  blades,  and  second.  In  the  design, 
construction,  and  Implementation  of  an  Integrated  blade  repair  center 
(IBRC). 

To  achieve  this  overall  objective  Step  I  of  the  ICAM  approach 
provides  for  a  sequence  of  specific  activities.  The  stated  objectives  for 
each  of  these  activities  follow. 

Needs  Analysis 

The  primary  objective  in  analyzing  needs  of  the  Engine  Repair 
Facility  (ERF)  subsystems  is  to  establish  overall  goals  and  directions  for 
Improvement  of  subsystems,  to  be  developed  during  this  and  subsequent  pro¬ 
grams.  Consistent  with  the  overall  program  objective,  the  contract  State¬ 
ment  of  Work  (SOW)  identifies  several  candidate  needs  within  the  planned 
Integrated  Blade  Repair  Center  (IBRC)  subsystem,  to  b^  given  first  priority 
In  this  program.  The  Phase  I  Needs  Analysis  Report  addressed  this  require¬ 
ment  within  the  IBRC,  identifying  the  needs  of  an  Integrated  Welding  and 
Grinding  (IWAG)  cell  and  an  associated  Integrated  Material  Handling  and 
Storage  Subsystem  (IMH/SS),  merging  the  IWAG  with  an  Integrated  Blade 
Inspection  Subsystem  (IBIS),  Additionally,  the  Phase  I  Report  assessed 
the  needs  of  an  IBIS  and  two  or  three  other  IBRC  modules. 
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In  Phase  II,  the  needs  analysis  methodology  established  In 
Phase  I  was  applied  to  major  subsystems  of  the  Production  Branch  of 
the  Propulsion  Division  and  to  other  selected  branches  of  the  Direct¬ 
orate  of  Maintenance  as  Interrelationships  were  perceived  to  be  relevant. 
Included  are  specific  analyses  of  all  major  functions  of  the  BRC  except 
those  emphasized  In  Phase  I. 

As- In  Factory-View  Models 

The  objective  of  building  models  representing  the  As-Is  oper¬ 
ations  of  the  £RF  In  the  1CAM  Definition  Language  (IDEF)  Is  to  (1)  docu¬ 
ment  understanding  of  the  present  operations,  (2)  organize  data  relating 
to  ERF  operations,  (3)  Identify  modular  areas  for  detailed  study,  (4) 
provide  a  base  upon  which  to  plan  Improvements,  and  (5)  facilitate  com¬ 
munication  of  functional  relationships  for  orientation  of  additional 
specialist  team  members,  as  required. 

Composite-View  Models 

The  objective  of  building  models  representing  the  composite 
view  of  operations  at  OC-ALC,  SA-ALC,  and  at  several  commercial  engine 
repair  facilities  in  the  ICAM  Definition  Language  (IDEF)  is  to  (1)  document 
understandings  of  variations  of  operational  practices  at  the  several 
plants  studied,  (2)  organize  data  relating  to  the  composite  view,  (3) 
identify  functional  relationships  for  functions  not  Included  in  the  As- 
Ss  Factory  View  Models,  (4)  broaden  the  base  of  information  upon  which 
to  plan  Improvements,  and  (5)  facilitate  communication  of  functional 
relationships  for  orientation  of  additional. specialist  team  members, 
as  required. 
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State-of-the-Art  Review 


The  objective  of  the  State-of-the-Art  (SOA)  Review  Is  to 
determine  what  equipment  Is  conrnerclally  available  to  meet  the  tech¬ 
nical  needs  of  the  ERF  and  6RC/IBRC  processes*  functions*  and  sub¬ 
systems  and  of  the  described  improvement  concepts.  Needs  are  defined 
by  (1)  the  Needs  Analysis  for  as-is  conditions  within  the  ERF,  (2) 
the  projected  FY85  work  load,  and  (3)  possible  improvements  described 
In  the  NA  as  well  as  by  concepts  described  In  the  Improvement  Concepts 
Section  of  this  report. 


Improvement  Concepts  Study 

The  objective  of  the  Improvements  Concept  (IC)  Study  is  to 
Identify  concepts  with  potential  for  Improvement  of  the  ERF  and  BRC/IBRC 
processes,  functions,  and  subsystems.  These  concepts  might  represent 
commercial,  technical  alternatives  to  as-is  practices,  or  approaches 
which  may  be  beyond  the  state  of  the  art,  and  might  be  novel  assemblies 
of  commercial  subsystems  requiring  unique  technological  developments  for 
Integration. 


Simulation  of  ERF  As-is  Dynamic  Factory  Model 

The  objective  of  this  activity  is  to  provide  a  simulation  model 
of  the  current  ERF  which  depicts  at  a  high  level  the  flow  of  principal 
entities,  primarily  engines  for  major  and  minor  overhaul,  through  the 
various  ERF  functions.  The  purpose  of  this  model,  In  addition  to  valid¬ 
ating  the  ERF  IDEF  Models,  is  to  (1)  provide  useful  Input  to  capacity 
studies,  (2)  assist  In  determining  the  locations  of  bottlenecks,  (3)  assist 
In  determining  critical  paths,  and  (4)  provide  a  baseline  model  for  future 
efforts  such  as  preliminary  ERP  design. 


* 

BRC  Is  used  to  denote  the  as-is  Blade  Repair  Center.  IBRC  is  Integrated 
Slade  Repair  Center  and  Is  used  to  denote  the  Improved  Blade  Repair  Center 
to  be  developed  under  this  contract. 


APPROACH 


Accomplishment  of  the  specific  objectives  of  the  several  tasks 
of  1CAM  Step  1,  Understand  the  Problem,  Is  necessary  ground  work  to 
achieve  the  overall  objectives  of  the  program.  The  approach  taken  to  the 
Step  1  work  follows  closely  the  details  of  the  ICAM  plan. 

A  coalition  of  subcontractors  was  formed  with  several  companies 
having  expertise  In  the  general  fields  of  concern.  Subcontractors  and 
their  principal  roles  are  listed  In  the  preface  to  this  report.  Battelle 
was  further  supported  by  representatives  from  OC-ALC  and  SA-ALC  Inter¬ 
view  teams  composed  of  experienced  engineers,  manufacturing  specialists, 
and  information  and  software  specialists  toured  the  ERF  extensively, 
interviewing  management  and  operating  personnel  at  many  levels.  Data 
were  collected,  repair  operations  were  observed,  and  IDEF  models  were 
constructed.  Through  many  iterations  as- is  models  were  reviewed  and 
refined.  Data  and  verbal  descriptions  of  functional  operations  were 
expanded  to  support  the  models. 

Teams  of  interviewers  toured  other  related  Industrial  facilities 
to  expand  the  data  base  and  Improve  understanding  of  the  problem.  Engine 
repair  facilities  of  SA-ALC  and  two  commercial  enterprises  were  toured 
and  management  and  operating  personnel  were  Interviewed.  Turbine  engine 
blade  production  facilities  and  research  facilities  of  other  original 
equipment  manufacturers  were  toured  and  further  understanding  was  gained 
through  Interviews. 

From  the  familiarity  and  understanding  of  engine  repair  operations 
gained  through  the  tours.  Interviews,  and  data  collection  performed  from 
October,  1980  through  March,  1982,  a  detailed  description  of  the  operation 
of  ERF  subsystems  Is  developed.  This  description  forms  a  background  for 


* 

SA-ALC:  San  Antonio  Air  Logistics  Center 
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definition  of  problems  and  needs  In  the  ERF  subsystems  and  Is  developed 
Into  the  Needs  Analysis  (NA)  Report.  This  report  was  composed  by  Battelle 
staff  members  of  the  previously  described  data  collection  and  Interview 
teams.  The  NA  identifies  problems  In  the  present  conditions,  and  defines 
needs  In  terms  of  solutions  to  problems.  Needs  are  prioritized  and  some 
possible  Improvements  are  described. 

A  state-of-the-art  survey  was  started  to  acquire  Information 
regarding  current  commercial  offerings  of  vendors  In  the  technology  fields 
of  the  ERF  subsystems.  Additionally,  some  specific  technology  fields  were 
addressed  because  of  their  Importance  to  Integration  of  manufacturing  systems, 
which  will  be  of  Interest  for  development  of  Improvement  designs.  Inquiries 
conducted  by  telephone  surveys  led  to  Identification  of  other  technologies 
or  techniques  for  accompl islment  of  the  needed  functions.  Improvement 
concepts  suggested  In  a  separate  study  of  new  technological  approaches 
were  referred  to  the  state-of-the-art  survey  team  as  additional  subjects 
for  the  survey.  In  this  way  a  body  of  Information  was  accumulated  relating 
to  enabling  technologies  for  all  as-is  operations  or  improvement  concepts. 
Through  this  SOA  review  technology  voids  were  identified  wherein  there  are 
weaknesses  In  the  availability  of  comnerclal  offerings  or  in  the  basic 
technology  of  manufacturing  to  support  the  Improvements  visualized  .for 
the  ERF  in  this  study. 

In  an  effort  parallel  to  the  state-of-the-art  review,  an  Improve¬ 
ment  concepts  study  was  performed  to  address  needs  in  the  areas  of  technology 
voids,  to  Introduce  new  technological  approaches,  or  to  visualize  Integrated 
subsystem  approaches.  These  concepts  are  described  in  text  and  sketches  at 
a  high  level. 

The  approach  to  the  ERF  simulation  activity  Involves  utilizing 
the  Prltsker  &  Associates'  prototype  IDSS  Version  Z.O.  The  first  phase 
of  the  approach  Includes  developing  a  simple  model  of  the  ERF  based  on  its 
six  principal  work  centers.  Once  this  model  has  been  implemented  and 
validated,  plans  are  that  a  more  complex  model  resulting  from  the  decom¬ 
position  of  the  six  work  centers  Into  more  detailed  functions  (possibly 
the  Individual  activities  of  the  34  Resource  Control  Centers  comprising 
the  ERF)  will  be  implemented.  This  detailed  model  would  use  as  its 
basis  the  ERF  IOEF^  Model  developed  during  Phase  II. 
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SUMMARY  OF  RESULTS 


Matds  Analysis 
(Vol.  Ill 

The  Needs  Analysis  covers  all  principal  functions*  processes* 
and  subsystems  of  the  ERF.  In  the  NA  Report  135  statements  of  need  are 
defined,  summarized*  and  prioritized.  These  needs  can  be  further  condensed 
Into  the  following  six  generalized  statements  of  need: 

(1)  Pursue  equipments!  and  organizational  Improvements 
in  the  FRF  operations  and  In  Its  functions  to  sup¬ 
port  the  IBRC  concept  and  the  philosophies  of  the  ICAM 
program. 

(2)  Study  the  problem  of  high  engine  test  failure  rate  In 
the  many  ERF  functions  which  potentially  contribute 
to  the  problem,  Including  disassembly*  Inspection, 
machining*  rotor  kitting,  assembly,  and  balance, 
engine  assembly,  test,  and  the  penalty  line  function. 

(3)  Automate/computerize  ERF  production  management  and 
scheduling. 

(4)  Enhance  consideration  for  safety  and  human  factors 
In  all  operations. 

(5)  Improve  product  quality  while  reducing  production 
costs  through  modernization*  Integration,  and  com¬ 
puterization  of  equipment  resources  and  procedures. 

(6)  Emphasize  and  expand  employee  development  programs 
and  policies  to  address  modern  requirements  for 
management,  technology,  and  maintenance. 

Possible  Improvements  to  achieve  benefits  In  these  areas  of  need 
are  suggested  in  the  form  of  modern  techniques,  conwerclal  equipment,  or 
concepts  for  unique,  special  purpose  equipment  systems. 
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As-Is  factory-view  models  were  constructed  to  represent  the 
operations  of  the  ERF  and  Blade  Repair  Center  (BRC).  Models  Include 
Function  (IDEFq),  Information  (IDEFj),  and  Dynamic  (IDEFg)  models  for 
the  ERF  and  Dynamic  (IDEF2)  models  for  both  turbine  and  compressor 
blades  In  the  BRC.  The  models  are  developed  only  to  a  level  necessary 
to  provide  understanding  of  the  functions  and  functional  relationships, 
and  to  organize  accumulated  data.  The  models  provide  the  expected  sound 
base  of  understanding  required  to  support  further  planning  of  Improvements 
for  the  ERF  and  BRC/IBRC. 


Composite -View  Models 


Composite-view  models  were  constructed  to  Incorporate  functional 
practices  of  subcontractors  and  other  engine  repair  contributors  Into  the 
descriptions  of  operations  of  the  ERF  and  BRC.  Models  Include  a  Function 
(IDEF0)  model  for  the  ERF  and  Information  and  Dynamic  Models  (IDEF^  and  IDEF2 
respectively)  for  the  BRC.  These  models  are  developed  only  to  a  level 
necessary  to  provide  understanding  of  the  functions  and  differences,  and 
to  organize  accumulated  data.  The  models  provide  the  expected  sound  base 
of  understanding  required  to  support  further  planning  of  Improvements  for 
the  ERF  and  BRC/IBRC. 


State-of-the-Art  Review 
(Vol.  III-9) 


The  State-of-the-Art  Review  provides  a  broad  base  of  understanding 
of  current  offerings  of  commercial  equipment  vendors  and  the  capabilities  of 
these  products  to  meet  needs  of  the  ERF.  Important  product  data  has  been 
accumulated  and  organized  for  use  In  defining  Improvement  designs.  The  study 
Includes  discussions  of  functions  or  technologies  Introduced  through  the  com¬ 
posite  models  or  through  concepts  suggested  In  the  Improvement  Concepts  Study. 
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The  SOA  Review  report  also  Identifies  five  areas  of  technology 
voids  and  describes  details  of  the  need  and  conditions  for  developing 
the  needed  technologies. 


Improvement  Concepts  Study 
(Vol .  III-9) 

The  Improvement  Concepts  Study  provides  an  additional  dimension 
of  understanding  of  the  problem.  Concepts  for  Improvement  of  ERF  and  BRC 
processes  are  described  In  those  areas  where  commercial  offerings  do  not 
acceptably  address  the  needs.  Some  of  the  concepts  represent  definite 
steps  forward  beyond  the  state  of  the  art  being,  to  an  extent*  creative 
research  and  development  even  though  based  on  sound  and  familiar  physical 
principles.  Other  concepts  represent  transfer  of  technology  from  other 
Industrial  operations  or  unique  Integration  of  familiar  technology. 

Simulation  of  ERF  As-Is  Dynamic  Factory  Model 
(Vol.  IV) 

The  ERF  Dynamic  Factory  Model  ( IDEFg)  was  developed  at  a  high 
level  to  facilitate  computer  simulation.  This  portion  of  the  project  is 
ongoing.  Results  of  this  activity  will  be  reported  upon  completion  In 
Simulation  of  ERF  As-Is  Dynamic  Factory  Model  (High  Level)  Volume  IV. 
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CONCLUSIONS 


Many  Important  conclusions  ar«  drawn  at  detail  levels  from 
the  work  performed  which  are  described  In  other  volumes  of  this  set. 

These  detail  level  conclusions  are  not  repeated  here  because  they  are 
too  numerous.  Detailed  study  of  other  volumes  of  this  set  Is  recommend¬ 
ed  to  the  reader  as  Individual  needs  or  Interests  may  direct.  High  level 
conclusions  only  are  provided  In  the  following. 

(1)  The  ICAM  approach  provides  an  effective  methodology 
to  accomplish  the  objectives  of  the  "Understand  the 
Problem"  step. 

(2)  The  studies  reported  In  the  volumes  of  this  set  pro¬ 
vide  Important t  detailed  documentation  for  understand¬ 
ing  the  problems  of  engine  remanufacturing,  of  the 
ERF  operations,  and  of  the  status  of  technologies 

of  the  ERF  functions. 

(3)  The  findings  reported  In  the  volumes  of  this  set. 

In  many  cases  represent  perceptions  and  opinions 
of  the  Battel le  study  team.  However,  these  find¬ 
ings  have  been  extensively  reviewed  by  contributors 
at  OC-ALC,  SA-ALC,  and  by  members  of  the  coalition 
of  subcontractors,  and  other  volunteer  Industrial 
leaders  to  assure  relevant  and  realistic  viewpoints. 

(4)  Substantial  gains  In  all  areas  of  benefits  expected 
in  this  program  can  be  derived  by  systematic  planning 
and  development  of  Improvements  along  the  lines  sug¬ 
gested  in  this  report. 


(5)  Accumulated  dat?  In  the  volumes  of  this  set  and 

In  the  library  files  of  the  Battelle  Program  Office 
provide  an  Important  base  for  planning  preliminary 
and  detail  design  phases  for  subsystem  Improvements. 

(6)  Some  needs  and  recommended  Improvements  are  Identified 
which  are  outside  of  the  Production  Branch  of  the  Pro¬ 
pulsion  Division  but  which  Impact  upon  production. 


RECOMMENDATIONS 


Based  on  the  work  performed  and  the  conclusions  drawn  from 
that  work,  Battalia  recommends  the  following  action  plan  for  Improvement 
of  the  ERF  operations  at  OC-ALC. 

(1)  Current  OC-ALC  plans  for  Improvement  should  be 
reviewed  to  provide  for  Incorporating  specific 
subsystem  Improvement  as  defined  In  this  study 
on  a  prioritized  basis. 

(2)  Details  of  needs  and  possible  Improvements  out¬ 
lined  In  this  study  should  be  reviewed  and  prior¬ 
itized  In  preliminary  and  detail  design  plans  for 
ERF  and  IBRC  operations  as  provided  for  In  this 
program  as  well  as  In  other  programs. 

(3)  Exploratory  programs  should  be  considered  In  those 
technical  areas  Identified  as  technology  voids  to 
extend  the  state  of  the  art  In  needed  technologies. 
Additionally,  new  developments  In  these  areas  should 
be  monitored  to  maintain  continuing  assessment  of  the 
state  of  the  art. 
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IDBTi-  INTRODUCTION 


IDEFj,  was  dava loped  aa  a  pact  of  an  overall  program  for 
Integrated  Computer  Aided  Manufacturing  (ICAM)  sponsored  by 
the  U.S.  Air  Force.  The  I CAM  program  is  geared  toward  the 
improvement  of  aerospace  manufacturing  productivity  through 
the  use  of  computers.  The  IDEF^  technique  focues  on  the 
understanding  of  information  in  the  manufacturing 
environment)  it  results  in  a  precise  and  comprehensive 
representation  of  the  integrated  structural  aspects  of 
information  within  some  portion  of  the  manufacturing 
enterprise. 

IDEFx  is  one  of  three  vital  new  requirements  modeling  tools 
developed  under  the  ICAM  program.  Taken  together,  these 
are  called  the  ICAM  Definition  Method  (hence  the  acronym 
IDEF) .  Each  is  a  language  designed  to  be  used  in 
understanding  some  aspect  of  the  manufacturing  enterprise. 
The  three  tools  are: 

o  IDEFq-  a  language  that  deals  with  the  functional 

aspects  of  a  manufacturing  environment, 
and  the  ways  in  which  these  are 
inter-dependent. 

o  IDEFx-  a  language  that  deals  with  the 

information  aspects  of  a  manufacturing 
environment,  and  the  interrelationships 
of  information  components. 
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a  language  that  deals  with  tha  dynamic 
aspects  of  a  manufacturing  anvironmant 
having  to  do  with  tha  movamant  of  objacta 
and  information. 

Tha  naad  for  tha  ICAM  program  and  tha  IDIFi  taohniquaa 
bacama  olaar  aa  tha  difficulty  in  daaigning  integrated 
manufacturing  ayatema  bacama  more  and  more  apparent. 
Controlling  and  coordinating  integration  of  manufacturing 
information  often  appear a  virtually  impoaaible. 
Manufacturing  oeprationa  tund  to  be  ao  diver aa  that  the 
real  raquiramanta  to  be  placed  on  an  integration  effort  are 
aimply  "buried"  in  all  tha  complexity. 

Hence,  the  I CAM  program.  And  from  it,  the  IDBFi  technique 
of  information  modeling.  From  an  extensive  and  detailed 
examination  of  available  manufacturing  and  engineering 
practices  and  the  kinda  of  problems  cited  above,  it  was 
concluded  that  the  most  practical  way  to  approach  the 
problem  of  integration  of  manufacturing  information  was  to 
develop  an  information  requirementa  model  prior  to 
designing  end  building  the  corresponding  information 
system.  The  IDEF^  technique  for  developing  Buch  models  was 
designed  to  reflect  the  integration  of  manufacturing 
information  within  the  overall  manufacturing  enterprise. 

The  ICAM  approach  is,  then,  to; 

1.  first,  build  an  integrated  information  model; 

2.  next,  design  a  database (s)  from  the  information  model; 

3.  finally,  implement  and  install  the  database (s)  and 
associated  functional  and  procedural  components. 


The  lOBFx  technique  offers  a  tat  of  rulaa  and  pcocaducaa 
for  creating  Information  models.  It  incorporataa  tha 
nacaaaary  graphics,  text,  and  forms  to  injact  an  organisad 
disciplina  into  tha  process.  It  provides  for  tha 
maasuramant  and  control  of  tha  prograss  davalopmant  of  tha 
modal  through  tha  routine  of  tha  modeling  discipline. 

Because  the  modeling  disciplina  involves  an  evolutionary 
process,  it  is  organised  into  stages  with  measurable 
results  and  specific  products.  Tt  develops  toward  a  mote 
exact  definition  with  each  iteration.  It  provides  a 
modularity,  both  in  its  practice  and  product,  that  cannot 
be  found  in  other  methods,  and  that  protects  against  the 
inaccuracies,  incompleteness,  inconsistency,  and 
imprecision  so  often  encountered. 

There  are  two  fundamental  components  of  an  information 
model: 

1.  Diagrams:  the  structural  characteristics  of  the 

information  model,  displayed  in 
accordance  with  a  set  of  rules  and 
procedures  that  construct  a  meaningful 
representation  information. 

2.  Dictionary:  the  meaning  of  each  element  of  the  model 

reflected  through  the  compendium  of  text 
and  indexes  that  clearly  define  the 
information  reflected  in  the  model. 

An  IDEF^  model  involves  the  entire  manufacturing 
organization.  There  are  several  roles  that  have  to  be 
fulfilled  to  conduct  a  successful  modeling  effort.  This 
model  is  principally  geared  toward  the  benefit  of  the 


Modeler,  or  "recorder"  of  the  model.  The  Modeler's 
teaw  ates  ere:  the  Project  Manager;  the  Source (s);  the 
Reviewer (s);  and  the  Review  Committee. 

The  Modeler  is  a  modeling  expert.  The  employment  of  the 
techniques,  the  maintenance  of  the  momentum,  the 
organization  and  publication  of  data,  and,  in  general,  the 
production  of  the  model  are  the  responsibility  of  the 
Modeler.  The  shape  of  the  informtion  structure  of  a 
manufacturing  activity  {its  architecture)  as  represented  in 
the  model,  is  the  primary  responsibility  of  the  other  team 
members. 

An  IDEFi  information  model,  then,  is  a  reflection  of  the 
total  manufacturing  enterprise,  and  provides  a  baseline 
definition  of  that  organization's  informational  needs.  It 
ensures  that  the  information  can  be  shared,  and  that  the 
information  system  of  the  total  enterprise  is,  in  fact, 
integrated. 

IDEFi  is  a  new  technique  that  addresses  the  many  problems 
cited  above  with  a  structured,  broad-based  fresh  approach. 
An  information  model  is  an  attempt  to  determine  "what  is 
needed"  in  terms  of  information,  for  a  manufacturing 
enterprise,  and  to  represent  this  graphically  as  modular 
units  of  detail.  An  information  model  provides  a  precise, 
accurate,  and  concise  description  of  the  information  needed 
by  a  manufacturing  enterprise.  In  addition,  the 
information  model  has  a  formal  character,  which  provides 
for  a  precise  understanding  of  the  information  it  portrays. 
And  finally,  an  information  model  is  a  tool  that  has 
practical  value  whether  or  not  the  manufacturing  enterprise 
is  heavily  committed  to  the  use  of  computers;  but  optimum 
value  to  the  enterprise  struggling  with  the  problem  of 
integrated  system  design. 


HOW  CAN  IDEFn  HELP  THE  MANAGER? 


IDEFg  permits  the  manager  to: 

o  Systematically  analyze  a  program  objective  into  the 

hierarchy  of  tasks  (activities,  functions)  required  to 

*’  -v 

accomplish  the  objective 

o  Define  the  interrelationships  among  tasks 

o  Define  the  inputs  and  outputs  required  for  each  task 

o  Define  constraints  (controls)  that  act  on  a  given 

activity 

o  Indicate  the  use  of  feedback  to  modify  earlier 
activities 

o  Create  a  work  breakdown  structure  (WBS) 

o  Use  the  WBS  to  assign  work  and  to  identify  required 
resources 

o  Communicate  this  plan  unambiguously,  using  a  standard 
set  of  symbols,  meanings  associated  with  the  symbols, 
and  rules  for  using  the  symbols 
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PURPOSE  OF  ICAM 


COMPUTER  TECHNOLOGY 


COMPUTER  TECHNOLOGY 


OBJECTIVE  OF  ICAM 
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COMPUTER  TECHNOLOGY 
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IMPROVE  PRODUCTIVITY 


IDEF  —  FUNCTION  MODEL 
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IDER  —  INFORMATION  MODEL 


IDEF.  —  DYNAMICS  MODEL 


IDEE  DYNAMICS  MODEL 


IDEE  —  DYNAMICS  MODEL 
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SECTION  V 


RELIABILITY  AMD  MAIMTAIMABXLITT  (MAM) 
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A.  RRLIABILITY,  MAUm»AHCl  AND  8ARTY 

Industrial  experience  indioataa  that  for  moat  applications, 
uptime  must  axcaad  97  paroant  to  satisfy  users  of 
industrial  robots.  Many  applications  require  an  even 
higher  performance. 

What  we  consider  the  most  definitive  discussion  of  robot 
reliability  appears  in  Joseph  Ingelberger's  book,  Robotics 
in  Practice.  We  feel  that  this  subject  deserves  very 
thorough  treatment  and  should  be  examined  separately. 
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FINDINGS  AND  RECOMMENDATIONS 


A.  DESIGN,  MANUFACTURE  AND  MAINTENANCE 

The  diagram  in  Figure  1  provides  a  useful  concept  for 
considering  the  roles  of  each  of  the  IDA  Technology 
Steering  Group  technologies  in  providing  reliability  and 
maintainability  (R&M)  to  DoD  equipment  and  systems.  In 
viewing  the  outer  circle,  we  should  first  observe  that  if 
R&M  is  not  designed  into  our  systems,  they  will  not  be 
reliable.  This,  then,  underscores  the  critical  role  that 
design  plays  and  should  play  in  ensuring  reliable  systems. 
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Our  inevitable  conclusion  must  be  that  design  engineers  are 
our  first  line  of  attack  on  the  problems  of  reliability. 

To  do  their  job  effectively,  they  must  (1)  possess  broad 
interdisciplinary  skills  and  (2)  have  the  very  latest 
information  (continuously  updated)  as  to  the  role  that  each 
of  the  contributing  technologies  of  our  systems  have  to 
make  to  the  overall  realibility,  as  well  as  performance,  of 
those  systems. 

This  requirement  suggests  (a)  a  heavy  concentration  of 
computer-assisted  technologies  at  the  hands  of  our 
designers  to  effect  the  information  access  and  transfer,  as 
well  as  (b)  training  and  organization  for  the  designers. 

Manufacture 

In  manufacturing,  robotics  provides  for  the  effective 
translation  of  reliability  in  design  to  reliability  in  the 
finished  product.  Management  systems  are  required  to 
monitor  and  assure  this  effective  implementation  once  R&M 
in  design  is  more  clearly  articulated  in  design  methods. 
That  the  translation  or  implementation  be  cost-effective  as 
well,  may  further  assure  that  the  cost  of  reliability  is 
affordable. 

Maintenance 

On  the  other  hand,  robotics  and/or  automated  systems  have  a 
great  deal  to  offer  the  achievement  of  reliability  in 
existing  and  future  systems  in  the  DoD  inventory.  The  idea 
of  fully  automated  depots,  and  perhaps  field  units, 
efficiently  diagnosing  and  treating  out-of-service 


equipment  holds  a  great  deal  of  promise  for  immediate , 
albeit  incremental,  gains  in  the  uptime  or  availability  of 
equipment. 

These  immediate  gains  will  be  realised  through  the  early 
introduction  of  highly  computerized  man-in-the-loop 
maintenance  systems  that  will  become  the  forerunners  of 
those  same  functions  performed  solely  by  automated  methods 
as  robotic  technologies  mature. 

Procurement 

Even  more  important  implications  of  this  committee's 
findings  and  recommendations  can  be  seen  for  procurement 
policies.  Coining  a  new  term,  "life-cycle  manufacturing,” 
for  our  purposes,  we  suggest  requiring  contractors  to 
deliver  not  only  equipment  and  manuals  and  training  to 
fulfill  their  contracts,  but  fully  automated  (as  fully  as 
possible)  and  computer  articulated  maintenance  systems.  In 
effect,  we  would  like  our  contractors  to  be  as  responsible 
for  the  life-cycle  performance  and  up-time  of  their 
products  as  they  are  for  the  delivered  performance. 

Although  DoD  initial  purchase  costs  would  be  increased 
under  such  a  plan,  life-cycle  costs  should  improve 
considerably,  along  with  operational  readiness.  We  see 
nothing  but  good  coming  from  requiring  contractors  to 
compete  with  one  another  on  the  life-cycle  quality  of  their 
systems  as  well  as  on  delivered  performance. 

SOURCE  OF  FINDINGS 


The  ISOM  Committee's  work  has  been  influenced  heavily  by 
the  following  sources: 


o  Intelligent  Task  Automation  Project  -  Martin-Marietta 

o  Tour/review  of  Kelly  AFB  engine  overhaul  and  repair 
facilities 

o  Review  of  Oklahoma  City/Battelle  Engine  Division  study 

o  Technology  Steering  Group  meetings  —  a  rich  source  of 
interdisciplinary  perspective 

o  Individual  members  of  the  ISOM  Committee 

SUMMARY  OF  FINDINGS 

o  The  R$M  of  equipment  is  principally  effected  at  design 
time. 

o  Robotics  in  manufacture  essentially  contributes  to 
effective  implementation  of  good  design. 

o  Robotics  in  maintenance  presents  us  with  -*n 

opportunity  to  significantly  improve  the  operational 
readiness  of  our  existing  and  future  inventories. 

o  Procurement  policies  that  require  computer-articulated 
man/machine  maintenance  systems  of  contractors  may 
make  a  significant  contribution  to  life-cycle  cost 
savings  and  to  operational  readiness. 

o  Further  synthesis  of  analytical  methodologies  and 

further  demonstration  of  flexible  robotic  technology 
will  contribute  significantly  to  advances  in 
operational  readiness. 
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SUMIARY  or  RBCOMOEMDATXONS 


A.  nCHMOLOGT  DEVELOPMENT 

1.  Integrated  Manufacturing  Systems  analysis 
methodologies  reviewed,  further  synthesised  and 
applied  to  engine  overhaul  and  repair  at  Kelly  AFB  to 
produce  management  guidelines  for  ISOM 
decision-making. 

2.  Design  and  pilot  of  a  training  program  for  applying 
ISOM  analysis  and  methodologies. 

3.  Design  and  pilot  of  a  CAE/CAD  system  designed  to 
optimise  technology  information  input  to  the  design 
process— for  a  particular  product  currently  under 
development  (and/or  one  recently  developed) . 

B.  TECHNOLOGY  DEMONSTRATION 

1.  Develop  and  pilot  test  an  automated  repair  facility 
for  the  Blackhawk  (UH-68)  Intermediate  Gear  Box  (IGB) . 

2.  Major  man- in- the- loop  automated  implementation  at 
Kelly  APB  for  engine  overhaul  and  repair,  to  proceed 
from  the  ISOM  analysis  methodology  pilot  at  Kelly 
described  above. 

3.  Targeted  Life-Cycle  manufacturing  procurement  exercise 
for  a  product  currently  under  development. 
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Al  Robotic  Analysis  Methodology 


$  1,500 


A2  Methodology  Pilot  and  Training 


2,500 


A3  Technology  in  Design  Pilot 


5,000 


B1  Blackhawk  IGB  Repair  Facility 


3,000 


B2  Engine  Overhaul  Methodology  Pilot 


12,000 


B3  Procurement  Pilot 


1,500 


TOTAL 


$25,500 


Figure  2 
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UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
007000  GEOGRAPHY 
00B400  INTELLIGENCE 

011800  OPERATIONS.  STRATEGY,  AND  TACTICS 


PROGRAM  ELEMENT: 
63 


PROJECT  NO: 
3203 


TASK  NUMBER: 
01 


KEYWORDS :  (U)  ARMOR  OPERATIONS  ;(U)  MILITARY  GEOGRAPHY ;( U ) 

TERRAIN  ;(U)  TERRAIN  INTELLIGENCE  ;(U)  TOPOGRAPHY 

DESCRIPTORS:  (U)  -ARMORED  VEHICLES  :(U)  COLLECTING  METHODS: (U) 

CULTURE  ;(U)  FEASIBILITY  STUDIES  ;<U)  GEOGRAPHY  ;(U>  IMAGES: (U) 
MILITARY  INTELLIGENCE  ;(U)  PREPARATION  ;(U)  REMOTE  CONTROL  ;(U) 
DETECTORS  ;(U)  SOCIOLOGY  ;(U)  STANDARDS  ;(U)  -TERRAIN 
INTELLIGENCE 

IDENTIFIERS:  (U)  ARMORED  OPERATIONS ; (U  )  FIELD  ACTIVITIES  ; (U) 

MILITARY  GEOGRAPHY: (U)  MILITARY  PLANNING  ;(U)  REMOTE  DETECTORS 

OBJECTIVE:  (U)  THE  OBJECTIVE  IS  TO  DEVELOP  AN  EXPERIMENTAL 

TOPOGRAPHIC  PRODUCT  (OR  FAMILY  OF  PRODUCTS)  TO  PROVIDE 


REPORT  NO.  CX7419 


UNCLASSIFIED 
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UNCLASSIFIED 

OTIC  REPORT  NO.  CX741B  APR  07.  ISIS 
OTIC  FORMAT  B007B 

INFORMATION  ON  TERRAIN  AND  CULTURAL  CONDITIONS  REQUIRED  TO 
SUPPORT  THE  PLANNING  AND  CONDUCT  OF  ARMOR  OPERATIONS. 

APPROACH:  (U)  DETERMINE  THE  PRESENT  AND  NEAR  FUTURE  OPERATIONAL 

FUNCTIONS  OF,  ANO  THE  TERRAIN  RELEVANT  MILITARY  DOCTRINE 
GOVERNING  ARMOR  OPERATIONS.  DETERMINE  THE  EFFECT  OF  TERRAIN  ON 
ARNO!-.  OPERATIONS  ANO  THE  SPECIFIC  TERRAIN  DATA  NEEDED  TO  PLAN  AND 
CONDUCT  SUCH  OPERATIONS.  DETERMINE  THE  FEASIBILITY  OF  USING  NEW 
IMAGE  FORMING  REMOTE  SENSOR  INFORMATION  COLLECTION  SYSTEMS  FOR 
PRODUCT  DEVELOPMENT  ANO  DESIGN.  DESIGN  PRODUCTS  AT  APPROPRIATE 
SCALES  AND  SUBMIT  ALTERNATIVES  FOR  APPROVAL.  FIELD  TEST  AND 
REVISE  PRODUCTS.  PREPARE  REPORT  FOLLOWING  THE  FIELD  TESTS.  SUBMIT 
THE  PACKAGE  TO  DEPARTMENT  OF  THE  ARMY  FOR  ACCEPTANCE  A5  A 
STANDARD  ARMY  PRODUCT. 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  0 

CFY-1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  DA0G8014 

PROCESSING  DATE:  03  UUN  74 


,-s  vv 


i 


UNCLASSIFIED 

OTIC  REPORT  NO.  CX7418  AH  07.  1BS3 
DTXC  FORMAT  B007B 


TITLE:  (U)  OFF -ROAD  MOBILITY  AND  GENERALIZED  ANALYSIS  %OMEGA<  i 

DRIVE  TRAIN  EVALUATION  PROGRAM 

PERFORMING  ORGANIZATION 
TACOM  ARMY  TANK-AUTOMOTIVE 
COMMAND  (CONCEPT  ♦  TECHNOLOGY 
DIVISION  WARREN  MC  480B0 

PRINCIPAL  INVESTIGATOR 
WOLLAM,  J  M 

TELEPHONE  NUMBER 
313-B73-10S1 


RESPONSIBLE  GOVT  ORGANIZATION 
TACOM  ENGINEERING  SCIENCE 
DIVISION  MOBILITY  SYSTEMS 
LABORATORY  WARREN  MC  4B080 

ASSOCIATE  INVESTIGATOR 


CONTRACT/GRANT  NUMBER 


PERFORMANCE  METHOD 
IN-HOUSE 


CONTRACT/GRANT  AMOUNT 
*  0 


DATE  OF  SUMMARY  START  DATE 

06  JUL  74  UUL  73 


ESTIMATED  COMPLETION  DATE 
JUN  78 


KIND  OF  SUMMARY 
TERMINATED 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
007200  GROUND  TRANSPORTATION  EQUIPMENT 
003700  COMBAT  VEHICLES 


PROGRAM  ELEMENT:  PROJECT  NO:  TASK  NUMBER: 

0B8O3A  1E865803M730  00 

KEYWORDS:  (U)  EVALUATION  ;(U)  ENGINES  ;(U)  POWER  TRAINS; (0) 

MODELS; (U)  GRAPHICS  ;(U)  SOFT 

DESCRIPTORS:  (U)  ‘COMPUTER  PROGRAMS  ;(U)  ‘TANK  ENGINES; (U) 
DRIVES; (U)  COMBAT  VEHICLES  ;(U)  ENGINEERS  ;(U)  INPUT  OUTPUT 
DEVICES  ; (U)  WEIGHT; (U)  GEARS  :<U>  RATIOS; (U)  DRIVE  SPROCKETS 
(U)  TORQUE  CONVERTERS  ;(U)  TRANSMISSIONS! MECHANICS ) ; (U )  MOBILITY 
; (U)  TERRAIN  ;<U>  COMPUTER  APPLICATIONS  ;<U>  GRAPHICS  ;(U)  MAN 
MACHINE  SYSTEMS  ;<U>  COMPUTERIZED  SIMULATION  ;(U)  DIGITAL 
COMPUTERS  ; (U)  INTERACTIONS; (U)  AUTOMOTIVE  VEHICLES  ;(U)  OFFROAD 
TRAFFIC  ; 

IDENTIFIERS:  (U)  DESIGN; (U)  ‘COMPUTER  AIDED  DESIGN  ;(U)  COMPUTER 


REPORT  NO.  CX7419 

UNCLASSIFIED 


PAGE  S 
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UNCLASSIFIED 

OTIC  REPORT  NO.  CX741B  APR  07.  1BBG 
OTIC  FORMAT  BOOTS 

GRAPHICS  j(U)  IBM  SBO  COMPUTERS  ;CU)  OMEQA  COMPUTER  PROQRAM  ; 

OBJECTIVE:  (U)  TO  DEVELOP  AN  INTERACTIVE  GRAPHICS  PROGRAM  FOR 
COMPUTER  AIDED  EVALUATION  OF  VEHICLE  ENGINES  AND  POWER  TRAINS. 

THE  PROGRAM  WILL  ALLOW  THE  USER  TO  CHANQE  VEHICLE  WEIGHT.  GEAR 
RATIOS,  SPROCKET  DIAMETER,  FUNCTIONAL  CHARACTERISTICS  OF  ENGINES. 
TORQUE  CONVERTERS.  TRANSMISSIONS  AND  SEVERAL  OTHER  PARAMETERS 
THAT  AFFECT  A  VEHICLES  PERFORMANCE  AND  OISPLAV  THE  OUTPUT  ON  THE 
GRAPHICS  TERMINAL. 

APPROACH:  (U)  TO  UTILIZE  TWO  MODELS  DEVELOPED  PREVIOUSLY  UNDER 

THE  OMEGA  PROJECT  AND  GENERATE  THE  NECESSARY  GRAPHICS  SOFTWARE  TO 
ALLOW  THE  PROGRAM  TO  BE  RUN  IN  A  GRAPHIC  MODE.  THIS  INTERACTIVE 
GRAPHICS  MODE  WILL  ALLOW  ANY  ENGINEER  AT  TACOM  TO  ACCESS  VEHICLE 
PERFORMANCE  WITH  DIFFERECT  POWER  TRAIN  COMPONENTS,  AND  MAKE  THIS 
ASSESSMENT  IN  A  MATTER  OF  MINUTES. 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  0 

CFY-1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  DA0J3S14 

PROCESSING  DATE:  17  SEP  74 


& 


REPORT  NO.  CX741B 


UNCLASSIFIED 


PAGE 


S  A 


UNCLASSIFIED 

OTIC  REPORT  NO.  CX7418  APR  07.  IRES 
OTIC  FORMAT  10078 


TITLE:  <U)  DEVELOPMENT  OP  VEHICLE  DYNAMICS  MODEL 


PERP0RM1NQ  ORGANIZATION 
TARADCOM  ENGINEERING  SCIENCE 
DIVISION  MOIXLITY  SYSTEMS  LA» 
WARREN  MX  48080 

PRINCIPAL  INVESTIGATOR 
BECK,  R  DR 

TELEPHONE  NUMBER 
813-573-1874 


PERFORMANCE  METHOD 
IN-HOUSE 

DATE  OF  SUMMARY 
13  OCT  76 

KIND  OF  SUMMARY 
TERMINATED 


START  DATE 
JUL  72 


SUMMARY  SECURITY 
UNCLASSIFIED 


RESPONSIBLE  GOVT  ORGANIZATION 
TARADCOM  SCIENCE  ♦  TECHNOLOGY 
DIVISION,  TANK- AUTOMOTIVE  R+D 
LAB  WARREN  MI  48080 

ASSOCIATE  INVESTIGATOR 
W.M  LINS 

CONTRACT/GRANT  NUMBER 


CONTRACT/GRANT  AMOUNT 
S  0 


ESTIMATED  COMPLETION  DATE 
UUL  74 

WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
003700  COMBAT  VEHICLES 
01SC00  SOLID  MECHANICS 


PROGRAM  ELEMENT: 
61 102 A 


PROJECT  NO; 
1F161 102B52A 


TASK  NUMBER: 
00 


KEYWORDS:  (U)  VEHICLE  DYNAMICS  ;(U)  RIDE  ;(U)  MOBILITY  ;(U) 

HYBRID  COMPUTER  SIMULATION 

DESCRIPTORS:  (U)  * ANALOG  DIGITAL  COMPUTERS; (U)  ‘DYNAMICS  ;<U) 

HUMAN  FACTORS  ENGINEERING  ; (U)  IMPACT; (U)  MATHEMATICAL  MODELS 
(U)  MOTION; (U)  SIMULATION  ; (U)  SURFACE  ROUGHNESS  ;(U>  TERRAIN 
(U)  ‘VEHICLES 

IDENTIFIERS:  (U)  COMPUTER  AIDED  DESIGN  ;(U)  DESIGN; 

OBJECTIVE:  (U)  TO  DEVELOP  A  GENERALIZED  THREE  DIMENSIONAL  DYNAMIC 
ANALYSIS  METHODOLOGY  TO  FACILITATE  PARAMETRIC  VEHICLE  DESIGN 
STUDIES. 


REPORT  NO.  CX7418 


UNCLASSIFIED 


B-26 


UNCLASSIFIED 

DTIC  REPORT  NO.  CX741B  APR  07,  tSSS 
OTIC  FORMAT  B007S 

APPROACH:  (U)  THE  APPROACH  CONSISTS  OF  CREATING  A  COMPUTER 

SIMULATION  FEATURING  A  THREE  DIMENSIONAL  CHARACTERIZATION  OF 
VEICLE  RESPONSE  TO  IMPACT  FORCES  GENERATED  AT  THE  VEHICLE  CONTACT 
WHEN  TRAVERSING  ROUGH  TERRAIN.  A  SENSITIVITY  ANALYSIS  WILL  RE 
CONDUCTED  TO  EXAMINE  THE  INDIVIDUAL  SUBMODELS  AND  THEIR  EFFECT  ON 
THE  RIDE  LIMITING  SPEED. 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  0 

CFY-1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  DA0K3B01 

PROCESSING  OATE:  2t  NOV  7B 


REPORT  NO.  CX7419 


UNCLASSIFIED 


PAGE  8  A 


B-27 


UNCLASSIFIED 

OTIC  RIPORT  NO.  CX7413  APR  07,  1000 
OTIC  FORMAT  10071 


TITLE:  (U)  COF  'T  AND  CONTROL  TRAINING  VKH1CLK  (CCTV) 


PERFORM X NO  ORGANIZATION 
TAR ACCOM  TANK  AUTOMOTIVE 
RESEARCH  AND  DEVELOPMENT 
COMMAND  WARREN  MI  48010 


PRINCIPAL  INVESTIGATOR 
BLANKENSHIP,  E 

TELEPHONE  NUMBER 
S13-S73-14BS 

PERFORMANCE  METHOD 
IN-HOUSE 

DATE  OF  SUMMARY  START  DATE 

01  APR  7»  MAY  78 


RESPONSIBLE  00 VT  ORGANISATION 
DARCOM  PROJECT  MANAGER  FOR 
TRAINING  DEVICES,  NAVAL 
TRAINING  EQUIPMENT  CENTER 
ORLANDO  FL  32313 

ASSOCIATE  INVESTIGATOR 


CONTRACT/ORANT  NUMBER 


CONTRACT/GRANT  AMOUNT 
S  0 

ESTIMATED  COMPLETION  DATE 
SEP  77 


KINO  OF  SUMMARY 
TERMINATED 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
009400  MAN-MACHINE  RELATIONS 
0 1 1800  OPERATIONS,  STRATEGY,  AND  TACTICS 

PROGRAM  ELEMENT:  PROJECT  NO:  TASK  NUMBER: 

647 15A  1X7847180872  0 


KEYWORDS:  (U)  LIGHTWEIGHT  VEHICLE  FOR  ARMOR  AND  INFANTRY  UNITS; 

DESCRIPTORS:  (U)  MECHANIZATION  ;(U)  INFANTRY  ;(U)  REQUIREMENTS 
(U)  TERRAIN  ; (U)  LEADERSHIP  TRAINING  :(U)  ARMOR  ;(U)  GROUND 
VEHICLES  ; (U)  REPORTS  ;(U)  RELIABILITY  ; 

IDENTIFIERS: 


OBJECTIVE:  (U)  TO  PROVIDE  ARMOR  AND  MECHANIZED  INFANTRY  UNITS 
WITH  A  SMALL,  LIGHTWEIGHT,  EASY-TO-MAINTAIN  VEHICLE  WHICH  WILL  BE 
UTILIZED  FOR  LEADERSHIP  TRAINING  DURING  COMMAND  AND  CONTROL 
TRAINING  EXERCISES  WHILE  KEEPING  MANEUVER  DAMAGE  TO  A  MINIMUM. 
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REPORT  NO.  CX7419 


UNCLASSIFIED 


PAGE 
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UNCLASSIFIED 

OTIC  REPORT  NO.  CX741B  APR  OT,  IRIS 
OTIC  FORMAT  BOOT! 

APPROACH:  (U)  COMMERCIALLY  AVAILABLE.  ALL-TERRAIN  VEHICLES 

(ATVS )  PURCHASED  FROM  TWO  MANUFACTURERS,  ANQ  MODIFIED  MIStAI 
VEHICLES  WILL  COMPETE  DURING  A  CONCURRENT  DT/OT  II  TO  DETERMINE 
THE  VEHICLE  WHICH  BEST  SATISFIES  THE  REQUIREMENT.  FOLLOWING 
VEHICLE  SELECTION,  APPROXIMATELY  1SOO  VEHICLES  WILL  BE 
MANUFAGTURtD/MODt F I EO  FOR  FIELD  USE. 


RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS) 


CFY 

CFY-1 


CONTRACTOR  ACCESS:  YES 
PROCESSING  DATE:  OS  MAY  7B 


ACCESSION  NUMBER:  DAOU4BSB 


REPORT  NO.  CX741B 


UNCLASSIFIED 


B-29 
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Sa 


UNCLASSIFIED 

OTIC  MAORI  NO.  CX741B  AAR  07,  IMS 
OTIC  FORMAT  BOOTS 

AAAROACH:  (U;  COMMERCIALLY  AVAILABLE,  ALL-TERRAIN  VEHICLES 

( ATVS )  PURCHASED  FROM  TWO  MANUFACTURERS,  AND  MODIFIED  M1S1A1 
VEHICLES  WILL  COMPETE  DURING  A  CONCURRENT  DT/OT  II  TO  DETERMINE 
THE  VEHICLE  WHICH  BEST  SATISFIES  THE  REQUIREMENT,  POLLOWINQ 
VEHICLE  SELECTION,  APPROXIMATELY  1BQ0  VEHICLES  WILL  BE 
MANUFACTURED/MODI FI ED  FOR  FIELD  USE. 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  0 

CPY-1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  DA0U4SSB 

PROCESSING  DATE:  Ul  MAY  7» 


REPORT  NO.  CX7419 


UNCLASSIFIED 


PAGE 


7  A 


B-30 


uuNiitinto 

OTIC  IMPORT  NO.  CX74(B  AM  07,  IMS 
OTIC  FORMAT  ROOT* 


TITLE:  (U)  TKRRAXN  ANAL Y* I*  DEMONSTRATOR 


PERFORMING  ORGANIZATION 
OCX  ITL  RESEARCH  I  NIT  X  TUT «  ITL 
RI-S  FT  BILVOXR  VA  11000 


RISFONSXBLI  QOVT  ORGANIZATION 
OCC  ITL  RtSKARCH  XNITXTUTI 
ETL-RX-B  FT  BILVOXR  VA  ItOCO 


PRINCIPAL  INVESTIGATOR 
ZX"MIRMAN.  B. 

TILIPHONI  NUMBIR 
709BB440IB 

PERFORMANCE  METHOD 
IN-HOUSE 

DATE  OF  SUMMARY  START  DATS 

*7  VAN  B3  OCT  SI 


ASSOCIATE  INVEST! OATOR 


CONTRACT /GRANT  NUMBER 


CONTRACT /ORANT  AMOUNT 
S  0 

ESTIMATED  COMPLETION  DATE 

SIP  It 


KIND  OF  SUMMARY 
NEW 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOQICAL  ARIAS 
004X00  COMPUTERS 
001400  INTELLIGENCE 

PROGRAM  ELEMENT :  PROJECT  NO:  TASK  NUMBER: 

B2707A  4A1BS707ABSB  C 

KEYWORDS:  (U)  ARTIFICIAL  INTELLIGENCE  ;<U)  ROBOTICS  ;(U)  TERRAIN 

ANALYSIS  ;(U)  RECONNAISSANCE  ; 

DESCRIPTORS:  (U)* AGREEMENTS  ;(U>  ARMOR  ;(U)  ARMY  EQUIPMENT  ;(U) 
ARTIFICIAL  INTELLIGENCE  ;<U)  AUTOMATA  ;(U)  BASE  LINES  i(U) 
COMPUTER  PROGRAMS  ;<U)  COMPUTERS  : (U >  CONTRACTS  ;<U)  OATA  BASES 
(U)  DEMONSTRATIONS  ;(U)  DETECTORS  ;(U)  ENGINEERS  ;(U)  FUNCTIONS 
(U)  HUMAN  FACTORS  ENGINEERING  ;(U>  INTEGRATED  SYSTEMS: (U) 
LABORATORIES; (U)  MICROCOMPUTERS  : (U)  MULTICHANNEL  COMMUNICATIONS 
; (U)  PLANNING  ; <U>  RECONNAISSANCE  ;(U)  REQUIREMENTS; (U)  TERRAIN 
<U)  TEST  FACILITIES  ;(U)  TOPOGRAPHY  ;(U)  VEHICLES 

IDENTIFIERS: 

OBJECTIVE:  (U)  TO  ESTABLISH  THE  TECHNICAL  REQUIREMENTS  FOR 


REPORT  NO.  CX741B 

UNCLASSIFIED 


PAGE  • 


B-31 


UNCLASS XP!  ID 

OTIC  REPORT  NO.  CX741B  APR  OT,  IRE* 

OTIC  FORMAT  10071 

IMPLEMENTING  A  ROBOTIC  RECONNAISSANCE  VEHICLE  DEMONSTRATOR  WITH 
TERRAIN  ANALYSIS.  THIS  WORK  WILL  SPECIFY  THE  BASE  LINE  HARDWARE. 
SOFTWARE,  DATA  BASE.  ANO  SYSTEM  INTEGRATION  FUNCTIONAL 
REQUIREMENTS  SO  THAT  A  FIELOASLE.  WORKING  DEMONSTRATION  VEHICLE 
CAN  BE  CONSTRUCTED. 

APPROACH i  (U)  IN-HOUSE  AND  CONTRACT  STUDIES  WILL  DETERMINE  THE 
AVAILABILITY  ANO  APPLICABILITY  OF  VARIOUS  GRAPHICS/ IMAGE 
PROCESSING  SOFTWARE  MODULES;  AVAILABILITY  AND  FEASIBILITY  OF 
VARIOUS  TOPOGRAPHIC/TERRAIN  DATA  BASES  FOR  PROPOSED  TEST  AREAS; 
SYSTEM  INTEGRATION  REQUIREMENTS  FOR  IMPLEMENTING  THE 
MULTIPROCESSOR.  MICROCOMPUTER  BASED  COMPUTER  SYSTEMS  AND  THE 
VARIOUS  RECONNAISSANCE  SENSORS;  AND  THE  MULTI-CHANNEL 
COMMUNICATIONS  REQUIREMENTS. 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  GOO 

CPY-1  0 

CONTRACTOR  ACCESS;  YES  ACCESSION  NUMBER:  DAG00BS1 

PROCESSING  OATS:  31  JAN  B3 


REPORT  NO.  CX741S 


UNCLASSIFIED 


PAGE 


•  A 


UNCLASSIFIED 

OTIC  REPORT  NO.  CX7419  APR  07.  1993 
OTIC  FORMAT  30078 


TITLE:  (U)  ROBOTIC  VEHICLE  ROUTE  PLANNING 


PERFORMING  ORGANIZATION 
CCE  ETL  RESEARCH  INSTITUTE  ETL 
RI-B  FT  BEL VOIR  VA  22060 


RESPONSIBLE  GOVT  ORGANIZATION 
OCE  ETL  RESEARCH  INSTITUTE 
ETL-RI-B  FT  BELVOIR  VA  22080 


PRINCIPAL  INVESTIGATOR  ASSOCIATE  INVESTIGATOR 

LEI6HTY,  R.  0. 

TELEPHONE  NUMBER  CONTRACT/GRANT  NUMBER 

7036643220 


PERFORMANCE  METHOD 
IN-HOUSE 


CONTRACT/GRANT  AMOUNT 
$  0 


DATE  OF  SUMMARY  START  OATE 

03  FEB  B3  FEB  B3 


ESTIMATED  COMPLETION  DATE 
SEP  83 


KIND  OF  SUMMARY 
NEW 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
004200  COMPUTERS 
008400  INTELLIGENCE 


PROGRAM  ELEMENT:  PROJECT  NO:  TASK  NUMBER: 

6! 101 A  4A161 101 A9 10  01 

KEYWORDS:  (U)  ROBOTICS  ;(U)  TERRAIN  ANALYSIS  ;(U)  ARTIFICIAL 

INTELLIGENCE  ;(U)  ROUTE  PLANNING  ; 

DESCRIPTORS:  (U)  ALGORITHMS  ; (U)  ARTIFICIAL  INTELLIGENCE  ;(U) 

AUTOMATA  ;<U)  COLORS; (U)  COMPUTER  PROGRAMS  ;<U)  COMPUTERS  ;(U) 
DATA  BASES  ! (U)  DIGITAL  SYSTEMS  ;<U)  ELEVATION  ;(U)  FLOORS; (U) 
HYDROLOGY  ;(U)  INDUSTRIAL  PLANTS  ;<U)  MONITORS  ;(U) 

OPERATORS (PERSONNEL)  ;<U)  PLANNING  ; (U)  RECONNAISSANCE  ;(U)  SOILS 
;(U)  SURFACES  ;(J)  TERRAIN  ; (U)  TWO  DIMENSIONAL  ;(U)  VEGETATION 
(U)  VEHICLES 


IDENTIFIERS: 


OBJECTIVE :  (U)  CURRENT  ROBOT  ROUTE  PLANNING  ALGORITHMS  ARE 

DESIGNED  TO  LOCATE  PATHS  AROUND  OBSTACLES  0“'  A  TWO-DIMENSIONAL 
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REPORT  NO.  CX7419 


UNCLASSIFIED 


PAGE 


B-33 


UNCLASSIFIED 

OTIC  REPORT  NO.  CX7419  APR  07,  1883 
OTIC  FORMAT  B0075 

SURFACE  (FACTORY  FLOOR,  TABLE  TOP,  ETC.).  THIS  EFFORT  WILL 
OEVELOP  THE  CAPABILITY  FOR  PL ANNINS  ROUTES  IN  THREE - 0 I MENS IONS 
FROM  DIGITAL  TERRAIN  DATA  BASES  (TERRAIN  ELEVATIONS,  VEGETATION, 
SOILS,  HYDROLOGY,  TRANSPORTATION  ROUTES,  ETC.). 

APPROACH:  (U)  A  COMPUTER  PROGRAM  WILL  BE  PREPARED  FOR  ROBOTIC 

VEHIC-E  ROUTE  PLANNING.  THE  PROGRAM  WILL  USE  DIGITAL  TERRAIN  DATA 
BASES  AND  AN  INTERACTIVE  DIGITAL  COMPUTER/VIDEO  PROCESSOR 
COMBINATIONS.  SELECTED  TERRAIN  DATA  BASE  DATA  WILL  BE  DISPLAYED 
ON  A  COLOR  MONITOR  ANO  AN  OPERATOR  CAN  SELECT  A  START  POINT  AND 
AN  END  POINT  FOR  THE  ROUTE  FROM  THE  DISPLAY  WITH  A  CURSOR.  THE 
COMPUTER  WILL  FIND  THE  BEST  ROUTE  BETWEEN  THESE  POINTS  AND  PLOT 
THE  ROUTE  ON  THE  COLOR  DISPLAY.  ENHANCEMENTS  TO  THIS  BASIC 
PROGRAM:  (1)  OPERATOR  CAPABILITY  TO  INDICATE  INTERMEDIATE  POINTS 
THROUGH  WHICH  THE  ROUTE  MUST  PASS  AND  (2)  OPERATOR  CAPABILITY  TO 
EDIT  (MODIFY)  THE  COMPUTED  ANw  DISPLAYED  ROUTE. 


RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS) 


CFY 

CFY-1 


CONTRACTOR  ACCESS:  YES 
PROCESSING  DATE:  08  FEB  83 


ACCESSION  NUMBER:  DA300704 


REPORT  NO.  CX741S 


UNCLASSIFIED 


PAGE  8  A 


B-34 


UNCLASSIFIED 

OTIC  REPORT  NO.  CX7418  APR  07,  1883 
OTIC  FORMAT  BOOTS 


TITLE:  (U)  AUTOMATIC  PICTORIAL  PATTERN  RECOGNITION  TECHNIQUES  FOR 
USE  IN  MULTI -SENSOR  ENVIRONMENTS 


PERFORMING  ORGANIZATION 
OHIO  STATE  UNIV  RESEARCH 
FOUNDATION  COLUMBUS  OHIO 


RESPONSIBLE  GOVT  ORGANIZATION 
AF  OFFICE  OF  SCIENTIFIC 
RESEARCH  DIR  OF  MATHEMATICAL 
INFO  SCIENCES  BLDG  410, 
BOLLING  AFB,  DC  20332 


PRINCIPAL  INVESTIGATOR 
BREEDING  K  0 

TELEPHONE  NUMBER 


ASSOCIATE  INVESTIGATOR 

CONTRACT/GRANT  NUMBER 
AF0SR-71-2O4B 


PERFORMANCE  METHOD 
GRANT 


CONTRACT/GRANT  AMOUNT 
$  273,891 


DATE  OF  SUMMARY  START  DATE  ESTIMATED  COMPLETION  DATE 

30  SEP  81  JAN  70  MAR  7B 


KIND  OF  SUMMARY 
COMPLETION 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
01 1900  OPTICAL  DETECTION 


PROGRAM  ELEMENT:  PROJECT  NO:  TASK  NUMBER: 

61 1C2F  97B9  02 


KEYWORDS: 

DESCRIPTORS:  (U)  *AIR  FORCE  OPERATIONS  ;(U)  AUTOMATA  ; (U)  DIGITAL 

SYSTEMS  ; (U)  * LOGISTICS  ;<U)  MATHEMATICAL  MODELS  :(U)  NETWORKS 
(U)  ‘REMOTE  CONTROL  HU)  TERRAIN  ;(U)  VEHICLES  ; 


IDENTIFIERS:  (U)  SIGNAL  PROCESSING  ; 

OBJECTIVE:  (U)  THE  COMPLEXITY,  VOLUME.  AND  RATE  OF  RECONNAISSANCE 

AND  SURVEILLANCE  DATA  IS  EVER  INCREASING.  THE  ABILITY  TO  COPE 
WITH  THIS  PROBLEM  RESTS  IN  THE  AUTOMATION  OF  SOME,  IF  NOT  ALL,  OF 
THE  DATA  ANALYSIS.  THIS  IS  ALSO  TRUE  OF  INFLIGHT  DATA  THAT  THE 
PILOT  IS  REQUIRED  TO  ANALYZE.  THIS  RESEARCH  IS  CONCERNED  WITH  THE 


REPORT  NO.  CX7419 
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UNCLASSIFIED 

OTIC  REPORT  NO.  CX7419  APR  07,  IttS 
DTSC  FORMAT  R007B 

DEVELOPMENT  OF  MEANS  FOR  AUTOMATIC  IDENTIFICATION  OF  THREE 
DIMENSIONAL  OBJECTS  FROM  OPTICAL  IMAGES  AND  FROM  VARIOUS  OTHER 
TYPES  OF  REMOTELY  SENSED  INFORMATION.  THE  TYPES  OF  OBJECTS 
CONSIDERED  ARE  GENERALLY  COMPLEX  MAN-MADE  STRUCTURES  WHICH  MAY  IN 
SOME  CASES  BE  IMBEDDED  IN  A  CLUTTERED  BACKGROUND.  THIS  RESEARCH 
IS  A  CONTINUATION  OF  RESEARCH  IN  PROGRESS  RELATING  TO  AUTOMATIC 
IDENTIFICATION  OF  AIRCRAFT  TYPES  FROM  TELEVISION  IMAGES.  TO  DATE. 
THIS  PROGRAM  HAS  DEMONSTRATED  IHE  ABILITY  OF  A  DIGITAL  COMPUTER 
TO  ACHIEVE  AN  IDENTIFICATION  ERROR  RATE  EQUAL  TO  ROUGHLY  ONE-HALF 
THE  RATE  OBSERVED  IN  HUMAN  CLASSIFICATION  OF  THE  SAME  IMAGES.  THE 
RESEARCH  PROPOSED  FOR  THE  NEXT  PHASE  OF  THIS  INVESTIGATION  FALLS 
INTO  THREE  BASIC  CATEGORIES.  FIRST,  THE  ALGORITHMS  AND  HARDWARE 
DEVELOPED  UNDER  THIS  GRANT  IN  PAST  YEARS  WILL  BE  APPLIED  TO  VIDEO 
IMAGES  ACQUIRED  AT  A  LOCAL  AIRPORT  TO  DETERMINE  HOW  EFFECTIVE  THE 
SYSTEM  IS  IN  A  REAL  ENVIRONMENT.  THE  SECOND  CATEGORY  OF  PROPOSED 
RESEARCH  IS  Ah'  INVESTIGATION  OF  TECHNIQUES  FOR  ACQUIRING 
INTERESTING  TARGETS  IN  A  CLUTTERED  FIELD  OF  VIEW  SUCH  AS  MIGHT  BE 
FOUND  IN  AIR  TO  GROUND  PHOTOGRAPHS.  THE  LAST  AREA  OF  INTEREST  IS 
THE  DEVELOPMENT  OF  EFFECTIVE  ARRAY  PROCESSING  TECHNIQUES  AND 
TRANSFORMS  FOR  PERFORMING  RECOGNITION  DIRECTLY  ON  SUCH  A 
PROCESSOR  AS  THAT  CURRENTLY  UNDER  CONSTRUCTION.  THESE  TASKS 
REPRESENT  A  FEW  STEPS  TOWARD  THE  OVERALL  GOAL  OF  REALIZING  A 
USEFUL  SYSTEM  TO  AUGMENT  DR  REPLACE  HUMAN  OBSERVERS  IN  REAL-TIME 
PATTERN  RECOGNITION  PROBLEMS  REQUIRING  ACCURATE  CLASSIFICATION  OF 
VARIOUS  TYPES  OF  THREE-DIMENSIONAL  OBJECTS. 

APPROACH:  (U)  NONE 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  O 

CFY-1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  DF029410 

PROCESSING  DATE:  31  OCT  81 


REPORT  NO.  CX7419 

UNCLASSIFIED 
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UNCLASSIFIED 

OTIC  REPORT  NO.  CX7419  APR  07,  19B3 
OTIC  FORMAT  B0075 


TITLE:  (U)  ARCTIC  SURFACE  EFFECT  VEHICLE  (SEV)-AEROOYNAMICS 


PERFORMING  ORGANIZATION 
NAVAL  SHIP  R+D  CENTER  SYSTEMS 
DEVELOP.  DEPT.  1132  BETHESOA, 
MD.  20034 


RESPONSIBLE  GOVT  ORGANIZATION 
DEFENSE  ADVANCED  RESEARCH 
PROJECTS  AGENCY  ARLINGTON  VA 
22209 


PRINCIPAL  INVESTIGATOR 
HARRY,  C  W 


ASSOCIATE  INVESTIGATOR 
MAGUIRE,  W  B 


TELEPHONE  NUMBER  CONTRACT/GRANT  NUMBER 

202-227-1713 


PERFORMANCE  METHOD 
IN-HOUSE 


CONTRACT/GRANT  AMOUNT 
$  0 


DATE  OF  SUMMARY  START  DATE 

01  MAY  73  JUL  70 


ESTIMATED  COMPLETION  DATE 
MAY  73 


KIND  OF  SUMMARY 
TERMINATED 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
000500  AERODYNAMICS 
019000  CONTROL  ANALYSIS  AND  THEORY 


PROGRAM  ELEMENT:  PROJECT  NO:  TASK  NUMBER: 

62105E  3N10  ARPA 


KEYWORDS:  (U)  NON-MILITARY  APPLICATION: ARCTIC  TRANSPORTATION 

(U)  SEV  PERFORMANCE  ;(U)  SEV  DYNAMICS; 

DESCRIPTORS:  (U)  AERODYNAMIC  CHARACTERISTICS  ;(U)  ARCTIC  REGIONS 
; (U)  CONTROL  ;(U)  ‘GROUND  EFFECT  MACHINES  ;(U)  MATHEMATICAL 
MODELS  ;(U)  COMPUTER  PROGRAMMING  ;<U)  STABILITY  ;(U)  TERRAIN  ;(U) 
WIND  TUNNEL  MODELS; 

IDENTIFIERS:  (U)  COMPUTER  AIDED  DESIGN  ;(U)  SURFACE  EFFECT 

VEHICLES  ; (U)  DESIGN; 

OBJECTIVE:  (U)  TO  DEVELOP  A  SIX-DfcGREE-OF-FREEDOM  MATHEMATICAL 

DYNAMICS  SIMULATION  MODEL  FOR  THE  ARCTIC  SEV.  TO  DETERMINE  THE 
PERFORMANCE  CHARACTERISTICS  OF  LARGE  SEV'S  AND  EVALUATE 
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DTK  DEPORT  NO.  CX741B  APR  07,  ISIS 
DTIC  FORMAT  R007S 

CONCEPTUAL  DESIGNS.  THE  METHODS  OF  PROVIDING  ADEQUATE  STABILITY 

AND  CONTROL  UNDER  ARCTIC  CONDITIONS  WILL  BE  DETERMINED.  < 

APPROACH:  (U)  COLLECT  AVAILABLE  INFORMATION  ON  SEV  AERODYNAMICS. 

STABILITY  AND  CONTROL.  VEHICLE  DYNAMICS.  AND  PERFORMANCE.  FROM 
THIS  DATA  BASE  A  SIMULATION  MODEL  WILL  BE  BUILT  IN  STAGES.  A  B 
DEGREE-OF -FREEDOM  SIMULATION  MOOEL  WILL  BE  EXPANDED  TO  6  DEGREES 
BY  ADDING  CUSHION  OYNAMICS.  THIS  WILL  BE  COMBINED  WITH  AN  ARCTIC 
TERRAIN  MODEL.  A  VEHICLE  PERFORMANCE  PROGRAM  WILL  BE  DEVELOPED  TO 

HELP  ESTABLISH  SEV  PERFORMANCE  CRITERIA.  ANALYTICAL  EMPIRICAL  < 

PREDICTION  TECHNIQUES  WILL  BE  USED  TO  DEVELOP  A  COMPUTERIZED 

AERODYNAMIC  FORCE  AND  MOMENT  PROGRAM  TO  EVALUATE  STABILITY  AND 

CONTROL.  THIS  PROGRAM,  IN  CONJUNCTION  WITH  THE  VEHICLE  DYNAMICS 

PROGRAM,  WILL  BE  USED  TO  ESTABLISH  SEV  MANEUVERING  REQUIREMENTS. 


RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  0 

CFY-1  0  i 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  DN11031B 

I 

PROCESSING  OATE:  11  MAY  73 


{ 


1 

\ 


■ 

l 

I 

t 

L 


I 

REPORT  NO.  CX7419 

UNCLASSIFIED  PAGE  12  A 


I 

\m 


B-38 


UNCLASSIFIED 

OTIC  REFORT  NO.  CX741S  APR  07,  1SSS 
OTIC  FORMAT  S0078 


TITLE:  (U)  NEV  MANIPULATOR 

PERFORMING  ORGANISATION 
NAVAL  UNDERSEA  CENTER  BB12  SAN 
DIEGO  CALIF  82132 


PRINCIPAL  INVESTIGATOR 
UHRICH,  R  W 

TELEPHONE  NUMBER 
714-225-7630 

PERFORMANCE  METHOD 
IN-HOUSE 


DATE  OF  SUMMARY 
01  NOV  72 

KIND  OF  SUMMARY 
COMPLETION 


START  DATE 
APR  72 


RESPONSIBLE  GOVT  ORGANIZATION 
SPACE  NUCLEAR  SYSTEMS  OFFICE 
NEVADA  EXTENSION  P.O.  BOX  1 
JACKASS  FLATS  NEV  88023 

ASSOCIATE  INVESTIGATOR 
MUNSON,  A  E 

CONTRACT/GRANT  NUMBER 


CONTRACT/GRANT  AMOUNT 
S  0 

ESTZMATEO  COMPLETION  DATE 
JUL  72 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
008200  MACHINERY  AND  TOOLS 
007700  HYDRAULIC  AND  PNEUMATIC  EQUIPMENT 
008400  MAN-MACHINE  RELATIONS 


PROGRAM  ELEMENT: 
0 


PROJECT  NO: 
0 


TASK  NUMBER: 
0 


KEYWORDS:  (U)  LPS  7-258  ;<U)  XNV-LINEAR  LINKAGE  MANIPULATOR: lU) 

MANIPULATORS ;(U)  CURV  ;(U)  NEV  ; 

DESCRIPTORS:  (U)  CONTROL  PANELS  :(U)  DESERTS  :(U)  HANDLING  ;(U) 

HAZARDS  ; (U)  HYDRAULIC  EQUIPMENT  ;(U)  ‘MACHINES  ; (U)  ‘MACHINE 
TOOLS  ;(U)  MOTION; (U)  NUCLEAR  REACTORS  :(U)  PACKAGING  ;(U)  RADIO 
EQUIPMENT  ; (U )  ‘REMOTE  CONTROL  ;<U)  TERRAIN  ;(U>  VALVES; (U) 
VEHICLES 

IDENTIFIERS:  (U)  ‘MANIPULATORS; <U)  VEHICLE  ;(U)  DESIGN; 

OBJECTIVE:  (U)  A  MANIPULATOR,  VALVE  PACKAGE  AND  CONTROL  BOX  ARE 
TO  BE  DESIGNED.  FABRICATED  AND  DELIVERED  FOR  USE  ON  THE  NUCLEAR 
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OTIC  REPORT  NO.  CX741S  APR  07,  ISIS 
OTIC  FORMAT  BOOTS 

ROCKET  DEVELOPMENT  STATION  EMERGENCY  VEHICLE  (NEV).  THE  NEV  IS  A 
RADIO  CONTROLLED  ALL-TERRAIN  VEHICLE  FOR  THE  PURPOSE  OF  EMERGENCY 
SURVEILLANCE  AND  WORK  IN  POTENTIALLY  DANGEROUS  AREAS.  THE 
MANIPULATOR  MUST  BE  CAPABLE  OF  LIFTING  SO  POUNDS  AT  THE  REACH  OF 
Si  INCHES. 

APPROACH:  (U)  AN  IMPROVED  VERSION  OF  THE  CURV  LINKAGE 

MANIPULATOR  IS  TO  BE  DESIGNED  ANO  FABRICATED.  THE  IMPROVEMENTS 
WILL  BE  IN  RUGGEDNESS,  RANGE  OF  MOTIONS,  AND  COMPATIBILITY  WITH  A 
DESERT  ENVIRONMENT. 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  0 

CFY-1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  DN234B6B 

PROCESSING  DATE:  30  MAY  73 


UNCLASSIFIED 

OTIC  REPORT  NO.  CX741S  APR  07.  1»U 
OTIC  FORMAT  BOOTS 


TITLE:  (U)  OCULOVESTIBULAR  EFFECTS  ON  VISUAL  PERFORMANCE  IN 
MOVING  MILITARY  SYSTEMS:  STABILIZED  VIEWING  DEVICES 


PERFORMING  ORGANIZATION 
NAVAL  AEROSPACE  MED  RES  LAB 
BIOLOGICAL  SCIENCES  DEPT. 
PENSACOLA,  FL  32S0S 

PRINCIPAL  INVESTIGATOR 
HIXSON,  W  C 

TELEPHONE  NUMBER 
B04-452-44BB 

PERFORMANCE  METHOD 
IN-HOUSE 

DATE  OF  SUMMARY  START  DATE 

30  SEP  77  JUL  73 


RESPONSIBLE  GOVT  ORGANIZATION 
NAVAL  MEDICAL  RES  AND  DEV  COM. 
NATIONAL  NAVAL  MID  CTR 
BETHESDA,  MD  20014 

ASSOCIATE  INVESTIGATOR 
GUEORY,  F  E 

CONTRACT/GRANT  NUMBER 


CONTRACT/GRANT  AMOUNT 
%  0 

ESTIMATED  COMPLETION  DATE 
SEP  77 


KIND  OF  SUMMARY 
COMPLETION 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
009400  MAN-MACHINE  RELATIONS 
002400  BIOENGINEERING 
001300  AIRCRAFT 

PROGRAM  ELEMENT:  PROJECT  NO:  TASK  NUMBER: 

63706N  M0095  M0095PN008 

KEYWORDS:  (U)  HUMAN  SUBJECTS  ;<U)  STABILIZED  VIEWING  DEVICES 

(U)  MOTION; (U)  MILITARY  VEHICLES  ; (U)  VISUAL  PERFORMANCE: (U) 
OCULOVESTIBULAR  INTERACTION  CIVAPP  ;(U)  SEARCH  AND  RESCUE 

DESCRIPTORS:  (U)  DYNAMICS  : (U)  MOTION; (U)  MOVING  TARGET 
INDICATORS; (U)  ‘OPERATORS (PERSONNEL)  ;<U)  ‘OPTICAL  TRACKING  ;(U) 
PERFORMANCE ( HUMAN ) ; ( U )  RESCUES  :<U)  STABILIZED  PLATFORMS  ; (U) 
SURFACE  TARGETS  ;<U)  ‘TARGET  ACQUISITION; (U)  TARGET  RECOGNITION 
(U)  TERRAIN  ;(U)  TRAINING  ; (U)  VESTIBULAR  APPARATUS  ;(U)  ‘VISUAL 
ACUITY  ;(U)  ‘VISUAL  PERCEPTION 

IDENTIFIERS: 
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OTIC  FORMAT  BOOTS 


OBJECTIVE:  (U)  THE  MILITARY  IS  DEVELOPINQ  A  VARIETY  OF  OPTICAL 
VIEWING  DEVICES  WHICH  CONTAIN  INTERNAL  STABILIZATION  MECHANISMS 
TO  MINIMIZE  TARGET  BLUR  CAUSED  BY  VIBRATION  OF  THE  OBSERVATION 
VEHICLE/AIRCRAFT.  THOUGH  THESE  DEVICES  IMPROVE  VISUAL  ACUITY, 
SEVERAL  FIELD  TEST -AND- EVALUATION  GROUPS  HAVE  REPORTED  THE 
OCCASIONAL  INCIDENCE  OF  AIRSICKNESS  SIDE  EFFECTS  DURING  AIR-TO 
GROUND  OBSERVATION.  THE  PROJECT  OBJECTIVES  WERE  ( 1 )  TO  DEVELOP  A 
PERFORMANCE-BASED  EXPERIMENTAL  PLAN  THAT  WOULD  PERMIT  A  VARIETY 
OF  STABILIZED  OPTICAL  VIEWING  DEVICES  TO  BE  EVALUATED  UNDER 
INFLIGHT  OPERATING  CONDITIONS,  AND  (2)  TO  UTILIZE  THE 
EXPERIMENTAL  PLAN  TO  ESTABLISH  THE  NAUSE06EN1C  EFFECTS  OF  THE 
STABILIZATION  FEATURE  PROPER  USING  ONE  OF  THE  MORE  COMMON 
MILITARY  VIEWING  DEVICES  AS  THE  TEST  DEVICE. 

APPROACH:  (U)  BECAUSE  OF  THE  JOINT  ARMY/NAVY  INTEREST  IN  THE 

PROBLEM,  A  COOPERATIVE  RESEARCH  PROGRAM  WAS  DEVELOPED  BY  NAVY 
INVESTIGATORS  AT  NAMRL  AND  ARMY  INVESTIGATORS  AT  USAARL  TO 
IMPLEMENT  THE  PROJECT  OBJECTIVES.  A  PROTOTYPE  EXPERIMENTAL  PLAN 
WAS  DEVELOPED  TO  MEASURE  VISUAL  ACUITY  AND  MONITOR  NAUSEOGENIC 
EFFECTS  OF  OBSERVERS  USING  AN  XM-76  STABILIZED  VIEWING  DEVICE 
WHILE  FLYING  VARIOUS  MANEUVERS  OVER  AN  INSTRUMENTED  TARGET  RANGE 
IN  UH-1  HELICOPTERS.  IN  ADDITION,  A  SERIES  OF  LABORATORY  TESTS 
WAS  DEVELOPED  AND  APPLIED  TO  THE  FLIGHT  SUBJECTS  TO  ASSESS  VISUAL 
AND  VESTIBULAR  FUNCTION  AND  MOTION  SICKNESS  SUSCEPTIBILITY  ON  AN 
INDIVIDUAL  SUBJECT  BASIS. 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  0 

CFY- 1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  DN240026 

PROCESSING  DATE :  12  OCT  77  ' 
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UNCLASSIFIED 
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STIC  REPORT  NO.  CX741B  ARM  07.  IBB* 

OTIC  FORMAT  ROOTS 

STUDIES  ; (U)  MOTION; (U)  ‘DRIVERS (PERSONNEL) 

IDENTIFIERS:  (U)  LVTP-7  VEHICLES  ;{U)  M-4B  TANKS  i (U)  M-SO  TANKS 

l 

OSJECTIVE:  (U)  OSVEIOP  VISUAL  SIMULATION  AND  VEHICLE  MOTION 
SIMULATION  SUSSYSTIMS  TO  PRESENT  THE  VISUAL  AND  TERRAIN 
ENVIRONMENT  AS  PRESENTED  TO  THE  OPERATOR/ORIVER  OF  THE  MAI  AND 
MSO  TANK,  THE  LVTP-7  AMPHISIOUS  VEHICLE,  AND  OTHER  MARINE  CORPS 
TACTICAL  MOTOR  VEHICLES.  THE  PROTOTYPE  COMPONENTS  WILL  RE 
ASSEMBLED  INTO  AN  EXPERIMENTAL  SYSTEM  IN  ORDER  TO  DETERMINE 
FEASIBILITY.  FROM  THE  TESTS  AND  EVALUATIONS,  TRAINER  DESIGN 
CRITERIA  WILL  BE  ESTABLISHED  FOR  INCORPORATION  INTO  PERFORMANCE 
SPECIFICATION  FOR  PROPOSED  OPERATOR/DRIVER  AND  WEAPON  SYSTEM 
TRAINERS.  TRAINING  OF  DRIVERS  USING  ACTUAL  COMBAT  VEHICLES  IS 
EXPENSIVr  AND  REMOVES  THESE  VEHICLES  FROM  READY  FOR  COMBAT 
STATUS. 

APPROACH:  (U)  MULTIPLE  PNEUMATIC  3-D  TERRAIN  CONTOUR  SENSORS, 

EACH  REPRESENTING  A  GROUND  CONTACT  POINT  OF  THE  SIMULATED 
VEHICLE,  WILL  BE  DESIGNED  TO  PROVIDE  INPUTS  TO  MOTION  COMPUTER 
AND  INCORPORATED  INTO  EXPERIMENTAL  SYSTEM.  VEHICLE  EQUATIONS  OF 
MOTION  WILL  BE  PROGRAMED,  AND  DEBUGGED  FOR  SYSTEM  INTERFACE.  AN 
EXPERIMENTAL  SYSTEM  WILL  BE  ASSEMBLED  CONSISTING  OF  TV  CAMERA,  3 
D  TERRAIN  MODEL,  VIRTUAL  IMAGE  DISPLAY  USING  A  CRT  DISPLAY. 
COMPUTER  AND  A  TRAINEE  STATION  MOCKUP.  THE  SYSTEM  WILL  BE  TESTED. 
EVALUATED,  AND  DEMONSTRATED.  FINAL  TECHNICAL  REPORT  WILL  DOCUMENT 
ALL  WORK. 

RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFY  0 

CFY-1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUMBER:  0N694001 

PROCESSING  DATE:  OB  MAR  77 


REPORT  NO.  CX7419 


UNCLASSIFIED 
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OTIC  IMPORT  NO.  CX741B  APR  07,  IMS 
OTIC  FORMAT  ROOTS 


TITLE:  (U)  STUOY,  MINIATURIZED  TANKS  ON  SCALED  TERRAIN 


PERFORMING  ORGANIZATION 
NAVAL  TRAINING  DEVICE  CE  NTER 
ORLANDO  FLA.  321 13 


RESPONSIBLE  GOVT  ORGANIZATION 
NAVAL  TRAINING  DEVICE  CE  NTER 
ORLANOO  FLA.  32E13 


PRINCIPAL  INVESTIGATOR 
PHILLIPS,  E  N 


ASSOCIATE  INVESTIGATOR 


TELEPHONE  NUMBER 
303*141-8811,  X2480 


CONTRACT/GRANT  NUMBER 


PERFORMANCE  METHOD 
IN-HOUSE 


CONTRACT/GRANT  AMOUNT 
$  0 


DATE  OF  SUMMARY 
IB  APR  63 


START  DATE 
JAN  61 


ESTIMATED  COMPLETION  DATE 
APR  63 


KIND  OF  SUMMARY 
TERMINATED 


SUMMARY  SECURITY 
UNCLASSIFIED 


WORK  SECURITY 
UNCLASSIFIED 


SCIENTIFIC  AND  TECHNOLOGICAL  AREAS 
008700  ELECTRONICS  AND  ELECTRICAL  ENGINEERING 


PROGRAM  ELEMENT: 
62703N 


PROJECT  NO: 
F41B22 


TASK  NUMBER: 
XF41822013 


KEYWORDS:  (U)  TERRAIN  MODELS  ;(U)  TANKS  (COMBAT  VEHICLES)  i(U) 

SCALE  (RATIO)  ;(U)  RADIO  CONTROL 


DESCRIPTORS;  (U)  DEFORMATION  ;<U)  MANUFACTURING  ;(U) 
COMMUNICATION  AND  RADIO  SYSTEMS  ;(U>  REMOTE  CONTROL  ;(U) 
SIMULATION  ;(U)  "TANKS (COMBAT  VEHICLES)  ;(U)  TERRAIN  ; (U)  "WAR 
GAMES 


IDENTIFIERS;  (U)  MINIATURIZATION  ; 


OBJECTIVE:  (U)  A  FLEXIBLE  SCALED  TERRAIN  WILL  BE  BUILT  UP.  ON  ITS 
SURFACE  ARE  A  NUMBER  OF  PARALLEL  CONDUCTING  STRIPES  WHICH  WILL 
FEED  MINIATURIZED  TANK  FEED  ROLLERS.  THIS  SCALED  TERRAIN  MUST  BE 
CAPABLE  OF  MILO  DEFORMATION  TO  SIMULATE  ALTITUDE. 


APPROACH:  (U)  A  TECHNIQUE  OF  IMPRINTING  CONDUCTING  STRIPES  ON  A 
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OTIC  REPORT  NO.  CX741I  AM  07.  HIS 
OTIC  FORMAT  10071 

FELT-LIKE  FA1RIC  IASI  WILL  *E  APPLIED.  ADDITIONAL  ALLIED 
TECHNIQUES  WILL  ALSO  IE  INVESTIGATED  PPOSLIMS  INVOLVED  IN  JOINING 
FA1RXCATED  SEGMENTS  INTO  AN  OVERALL  TERRAIN  WILL  II  INVESTIGATED. 


RESOURCE  ESTIMATED  (FUNDS  IN  THOUSANDS)  CFV  0 

CFY-1  0 

CONTRACTOR  ACCESS:  YES  ACCESSION  NUM1ER:  DNM1010 

PROCESSING  DATE:  SO  DEC  •• 


REPORT  NO.  CX7419 
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The  Mechanization  of  Work 

Introducing  an  issue  on  the  continuing  Industrial  Revolution 
two  centuries  after  it  began.  In  the  U.S.  it  has  now  displaced 
two-thirds  of  the  labor  force  from  the  production  of  goods 


by  Eli  Ginzberg 


The  easing  of  human  labor  by  tech¬ 
nology,  a  process  that  began  in 
prehistory,  is  entering  a  new  stage. 
The  acceleration  in  the  pace  of  techno¬ 
logical  innovation  inaugurated  by  the 
Industrial  Revolution  has  until  recently 
resulted  mainly  in  the  displacement  of 
human  muscle  power  from  the  tasks 
of  production.  The  current  revolution 
in  computer  technology  is  causing  an 
equally  momentous  social  change:  the 
expansion  of  information  gathering  and 
information  processing  as  computers 
extend  the  reach  of  the  human  brain. 
This  issue  of  Scientific  American  is  de¬ 
voted  to  the  latest  stage  of  the  historic 
process  that  has  led  from  the  most  ele¬ 
mentary  force-transmitting  machines  to 
the  most  advanced  information-han¬ 
dling  ones. 

The  transformation  of  the  U.S.  la¬ 
bor  force  in  the  country’s  brief  history 
tracks  the  progressive  mechanization 
of  work  that  attended  the  evolution  of 
the  agrarian  republic  into  an  industrial 
world  power.  In  1 820  more  than  70  per¬ 
cent  of  the  labor  force  worked  on  the 
farm.  By  1900  fewer  than  40  percent 
were  engaged  in  agriculture.  Half  a  cen¬ 
tury  ago,  when  the  capitalist  societies 
were  sliding  into  the  Great  Depression, 
more  than  half  of  the  U.S.  labor  force 
had  shifted  from  the  production  of 
goods  to  the  provision  of  services.  It 
was  then,  as  Urge-scale  unemployment 
desUbilizcd  those  societies,  that  nation¬ 
al  policy  began  to  look  at  employment 
as  much  from  concern  to  ensure  the 


consumption  of  goods  as  from  concern 
to  secure  their  production. 

Today  employment  in  the  services  in 
the  U.S.  is  approaching  the  same  70  per¬ 
cent  that  were  bound  to  the  soil  a  centu¬ 
ry  and  a  half  ago.  Only  32  percent  of  the 
labor  force  are  still  engaged  in  the  pro¬ 
duction  of  goods  (mostly  in  manufac¬ 
turing),  and  a  mere  3  percent  arc  em¬ 
ployed  in  agriculture. 

Although  this  transformation  has 
been  brought  about  largely  by  mechani¬ 
zation,  it  hat  been  accompanied  by  so¬ 
cial  trends  to  pervasive  that  they  must 
be  included  among  the  causes  of  the 
transformation  as  well  as  among  its  ef¬ 
fects.  For  example,  although  women 
had  begun  to  enter  the  labor  force  from 
the  beginning  of  the  Industrial  Revolu¬ 
tion,  by  1980  they  had  come  to  make  up 
43  percent  of  it  [see  “The  Mechaniza¬ 
tion  of  Women's  Work,”  by  Joan  Wal¬ 
la '-.h  Scott,  page  166].  The  age  of  entry 


the  question  of  how  any  society  can 
function  effectively  over  the  long  run 
without  bringing  all  its  adult  members 
into  its  economic  life,  able  not  only  to 
work  but  also  to  buy  [see  “The  Distribu¬ 
tion  of  Work  and  Income,”  by  Wassily 
W.  Leontief,  page  188]. 

The  five  articles  that  follow  take  up 
the  technologies  of  mechanization  in 
five  areas:  agriculture,  mining,  design 
and  manufacturing,  commerce  and  of¬ 
fice  work.  This  introductory  article  will 
of  necessity  deal  with  a  limited  number 
of  themes:  how  the  mechanization  of 
work  has  been  treated  by  economists, 
what  its  effect  has  been  on  the  U.S.  econ¬ 
omy  over  the  past  few  decades  and  what 
its  future  effect  is  likely  to  be.  Particular 
attention  will  be  paid  to  the  impact  of 
mechanization  on  the  shifting  structure 
and  character  of  the  labor  force  and  on 
the  evolution  of  the  work  environment 


into  the  labor  force  has  risen,  reflecting 
the  desire  of  Americans  for  more  educa¬ 
tion  and  the  higher  level  of  training 
required  by  jobs  in  the  increasingly  so¬ 
phisticated  economy  as  well  as  the  re¬ 
lease  of  human  labor  from  the  tasks  of 
production.  In  1940  the  median  number 
of  years  of  school  completed  by  the 
younger  members  of  the  population  v  as 
10.3;  in  1980  it  was  12.9. 

A  disquieting  feature  of  these  dynam¬ 
ic  internal  shifts  in  the  labor  force  has 
been  the  persistence  oi  high  levels  of 
unemployment  among  its  less  educated 
members.  Such  unemployment  raises 
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Adam  Smith,  in  An  Inquiry  into  the  Na- 
xi.  tyre  and  Causa/  of  the  Wealth  of  Na¬ 
tions,  published  in  1 776,  pointed  to  a  ba¬ 
sic  dilertma:  efficiency  in  the  generation 
of  wealth  is  enhanced  by  the  division 
of  labor,  and  yet  specialization  that  in¬ 
volves  nothing  more  than  routine,  repet¬ 
itive  tasks  diminishes  the  worker  by  de¬ 
priving  him  of  intellectual  challenge  and 
decision-making  responsibility.  Smith, 
preoccupied  with  issues  of  moral  philos¬ 
ophy,  expressed  his  concern  that  many 
workers,  in  a  desperate  effort  to  improve 
their  economic  circumstances,  would 
drive  themselves  so  hard  that  it  would 
affect  their  health  t  jid  even  shorten  their 
lives.  Smith’s  book  was  written  before 
the  commercial  success  of  James  Watt's 
steam  engine,  and  so  Smith  never  had  to 
confront  the  full  force  of  modern  indus¬ 
trialization.  He  nonetheless  appreciated 
the  close  links  between  the  work  men  do 
and  the  quality  of  their  lives. 

David  Ricardo,  who  began  his  study 


of  political  economy  after  reading  Tkt 
Wealth  of  Nations  in  1799,  went  on  to 
establish  the  classical,  or  frec-market, 
school  of  economic*.  In  cpite  of  his  al¬ 
most  exclusive  emphasis  on  the  com¬ 
petitive  marketplace,  he  cautioned  that 
increased  reliance  on  mechanization 
might  not  turn  out  to  be  an  unqualified 


blessing.  He  could  see  that  under  certain 
conditions  workers  displaced  by  ma¬ 
chines  might  not  be  able  to  get  new  jobs. 
What  was  good  for  the  employer,  he 
concluded,  might  be  bad  for  the  worker. 

Karl  Marx  devoted  some  of  the  most 
telling  chapters  in  Das  Kapital  to  de¬ 
scribing  the  adverse  effects  of  mech¬ 


anization  on  the  minds  and  bodies 
of  working  men.  women  and  children 
in  mid- 19th-century  Britain.  (Because 
women  and  children  received  lower 
wages  they  were  then  replacing  men  in 
many  branches  of  indust  y,  from  coal 
mines  to  textile  mills.)  according  to 
Marx,  the  combination  >f  machines. 
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private  property  and  competition  would 
toon  retult  in  the  self-destruction  of 
the  capitiliit  lystem.  The  end  would 
eome,  he  Mid,  when  newer  and  more 
powerful  machines  would  drive  tuch  a 
large  proportion  of  the  labor  force  out 
of  work  that  producers  would  no  long¬ 
er  have  enough' consumers  to  buy  the 
goods  their  machines  were  turning  out. 
With  the  advantage  of  hindsight  one 
can  now  see  that  Marx  was  better  as  a 
critic  than  as  a  prophet.  He  correctly 
perceived  that  the  Industrial  Revolution 
was  harming  millions  of  working  peo¬ 
ple,  but  he  did  not  allow  for  the  substan¬ 
tial  gains  in  well-being  they  and  the  gen¬ 
erations  of  workers  after  them  would 
enjoy  because  of  the  increased  produc¬ 
tivity  resulting  from  mechanization. 

Thorstein  Veblen  made  technology 
the  basis  for  his  own  penetrating  analy¬ 
sis  of  modem  capitalism,  from  his  first 
major  work.  The  Theory  of  the  Leisure 
Class,  published  in  1899,  to  his  last,  Ab¬ 
sentee  Ownership  and  Business  Enterprise 
in  Recent  Times,  published  in  1923.  Veb¬ 
len  consistently  maintained  that  the  way 
work  is  organized  to  suit  the  require¬ 
ments  of  machines  determines  how  men 
think,  act  and  dream. 

In  general,  however,  most  econo¬ 
mists— free-market,  Marxist  or  other¬ 
wise— have  failed  to  give  technology  its 
due.  The  classical  theorists  and  their 
successors  have  built  their  systems  and 
their  reputations  by  explicating  with 
ever  greater  subtlety  how  demand,  sup¬ 
ply  and  price  interact  in  competitive 
markets  to  establish  or  reestablish  equi¬ 
librium.  To  pursue  this  static  line  of  in¬ 
quiry  they  have  had  to  ignore  the  in¬ 
fluence  of  such  dynamic  factors  as 
changes  in  demography,  technology  and 
taste.  Moreover,  because  they  have  a 
limited  view  of  efficiency  they  search  for 
the  margin  where  it  pays  an  employer  to 
install  machines  to  replace  workers  but 
seldom  look  into  such  factors  as  the 
quality  of  the  workplace  and  the  home, 
both  of  which  have  come  increasingly 
under  the  influence  of  machines. 

The  shortcomings  in  the  economists' 
approach  to  the  mechanization  of  work 
can  help  to  explain  many  of  the  errors  in 
perception  and  action  that  have  charac¬ 
terized  the  U.S.  economy  in  the  period 
since  World  War  II.  A  better  under¬ 
standing  of  the  complex  relations  be¬ 
tween  mechanization  and  the  econom¬ 
ic  process  can  be  gained  by  reviewing 
some  of  the  more  important  of  these 
misperceptions  and  the  inadequate  poli¬ 
cies  they  have  engendered. 

In  1947  the  U.S.  instituted  the  Mar¬ 
shall  Plan.  If  the  countries  of  West¬ 
ern  Europe— both  the  victors  and  the 
vanquished— could  agree  to  work  to¬ 
gether,  the  U.S.  promised  to  provide 
them  with  the  capital  needed  to  speed 
the  rebuilding  of  their  devastated  econ¬ 
omies.  Within  a  few  years  the  econo¬ 
mies  of  Western  Europe  had  turned 
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around  and  were  growing  rapidly. 

The  success  of  the  Marshall  Plan  had 
much  to  do  with  the  inauguration  of 
smailer-scale  programs  of  economic  as¬ 
sistance  designed  to  accelerate  the  in¬ 
dustrialization  of  the  less  developed 
countries.  They  too  became  the  bene¬ 
ficiaries  of  American  capital  exports. 
Here,  however,  the  record  of  accom¬ 
plishment  turned  out  to  be  much  less 
impressive.  Little  of  the  so-called  eco¬ 
nomic  assistance  went  to  economic  de¬ 
velopment.  Instead  American  capital 
exports  often  went  in  the  form  of  arms 
and  American  dollars  added  to  the  per¬ 
sonal  wealth  of  those  in  power.  Only  in 
retrospect  has  it  been  possible  to  un¬ 


derstand  the  reasons  for  the  difference 
in  outcomes.  In  Europe  the  war  had 
destroyed  factories,  power  plants,  rail¬ 
roads  and  other  facilities,  but  the  knowl¬ 
edge  required  to  run  an  industrial  econ¬ 
omy  had  remained  intact.  This  knowl¬ 
edge,  accumulated  over  a  rtntury  or 
more,  was  drawn  on  to  make  good  use 
of  the  new  machines  as  soon  as  they 
were  installed.  In  most  of  the  Third 
World  there  was  no  such  pool  of  experi¬ 
ence,  and  as  a  result  many  of  the  im¬ 
ported  machines  were  installed  only  af¬ 
ter  considerable  delay;  frequently  they 
were  operated  far  below  capacity,  and 
they  were  poorly  maintained. 

A  second  example  of  failure  to  bring 
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mechanization  into  the  center  of  eco¬ 
nomic  policy  is  provided  by  the  US.  au¬ 
tomobile  induitfy.  Until  it*  recent  trou¬ 
ble*  that  industry  was  looked  on  as  the 
bellwether  of  the  American  economy, 
proof  that  the  U.S.  was  the  technologi¬ 
cal  leader  among  the  developed  nations. 
Year  after  year  the  industry’s  sales  and 
profits  were  large,  and  although  working 
conditions  in  the  assembly  plana  were 
often  unpleasant  and  arduous,  the  work 
force  was  well  paid  and  received  ex¬ 
cellent  benefits.  The  misperception  of 
what  was  happening  in  Detroit  resulted 
from  a  widespread  failure  to  recognize 
diet  the  industry’s  continuing  high  prof¬ 
itability  rested  primarily  on  styling, 
advertising  and  marketing,  not  on  ad¬ 
vances  in  engineering  and  in  manufac¬ 
turing  technology. 

In  1962  Congress,  convinced  that 
mechanization  wu  resulting  in  the  dis¬ 
employment  of  many  skilled  workers 
who  would  never  be  reabsorbed  into  the 
labor  force  unless  they  could  be  helped 
to  acquire  new  skills,  passed  the  Man¬ 
power  Development  and  Training  Act. 
That  act,  together  with  its  successor  leg¬ 
islation,  the  Comprehensive  Employ¬ 
ment  and  Training  Act  (CETA),  passed 
in  1973,  led  to  the  expenditure  of  more 
than  $80  billion  up  to  the  beginning  of 
the  Reagan  Administration,  mostly  to 
help  the  poor  and  the  near-poor.  It  is 
doubtful,  however,  that  even  1  percent 
of  the  outlay  was  directed  to  the  re¬ 
training  and  reemployment  of  workers 
who  had  lost  their  jobs  through  mecha¬ 
nization,  because  such  workers  could 
until  recently  make  their  own  way  into 
new  jobs. 

The  most  recent  example  of  confusion 
about  the  mechanization  of  work 
arises  from  national  economic  policies 
ostensibly  directed  to  "reindustrializa- 
tion”  (for  example  tax  cuts  for  acceler¬ 
ated  depreciation  of  plant  and  equip¬ 
ment,  a  measure  expected  to  start  a  new 
boom  in  investment).  The  U.S.  is  urged 
to  pursue  other  policies,  public  and  pri¬ 
vate,  that  will  putatively  enable  it  to  re¬ 
gain  its  eroding  leadership  in  the  manu¬ 
facture  of  a  wide  range  of  industrial  and 
consumer  products,  from  steel  to  auto- 
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this  graph  for  the  period  1920-80.  The  Mb- 
categorise  ladlcated  carer  all  wage  aad  sal¬ 
ary  workers  (iachtdiag  fall-  sad  part-tive 
workers)  easpteyeS  la  aoaagricultaral  ectoo- 
Hshatats.  lachaded  are  workers  la  the  aoaag- 
ricaltaral  goods  prod uc teg  sectors  (nsirfac- 
tartag,  atalag  aad  coastrocttea)  aad  taose 
la  the  service  sector,  defiatd  la  the  broadest 
state  to  sacowpatt  all  satsrprists  aot  engaged 
la  the  prodacUoa  of  goods.  (The  subestrgory 
"Ssreicss”  Is  aarrowly  dtBasd  to  designate 
those  workers  who  provide  services  primarily 
to  ccamtaxn.)  Excluded  (besides  ferae  work¬ 
ers)  err  proprietors,  self-employed  people,  do- 
1820  1950  I960  *****  f““y  worksts. 


mobiles  and  television  sett.  Much  is 
made  of  the  superiority  of  Japanese 
management  and  the  dangerous  decline 
in  the  productivity  of  U.S.  industry. 
However  the  issue  is  formulated,  tire 
core  elements  are  the  same:  the  lead¬ 
ership  of  the  U.S.  ir.  technology  has 
slipped,  and  there  is  a  serious  dysfunc¬ 
tion  in  the  attitudes,  behavior  and  out¬ 
put  of  American  workers. 

Actually  the  available  statistics  sug¬ 
gest  that  on  a  per  capita  basis  the  U.S. 
is  close  to  its  long-term  trend  in  gross 
domestic  product  (Q.D.P.):  the  output 
of  ail  domestically  produced  goods  and 
services.  The  unease  centers  on  the  re¬ 
cent  sharp  decline  in  productivity  (mea¬ 
sured  as  the  ratio  of  total  production  to 
units  of  labor  input).  Any  interpretation, 
however,  is  plagued  by  complications: 
the  reported  hours  of  work  overstate  the 
actual  hours  worked,  exaggerating  the 
measured  declines  in  productivity;  the 
U.S.  economy  has  been  shifting  rapidly 
from  goods  to  services,  a  shift  that  inad¬ 
equately  reflects  the  increases  in  output; 
the  statistics  also  fail  to  adequately  re¬ 
flect  changes  in  quality,  investments  in 
the  public  sector  and  what  is  happening 
outside  the  market,  notably  in  the  *'un- 
derground  economy”  and  in  the  house¬ 
hold.  If  one  were  to  understand  and  take 
proper  account  of  these  developments, 
the  performance  of  the  U.S.  economy 
would  probably  be  better,  and  possibly 
much  better,  than  the  current  statistics 
suggest.  Americans  may  well  be  unduly 
worried  over  a  phenomenon  .'hat  reveals 
more  about  the  limitations  of  economic 
analysis  and  statistical  reporting  than 
about  the  economy  itself. 

The  fact  remains  that  mechanization 
has  continued  to  play  a  leading  role  in 
the  transformation  of  the  U.S.  economy 
and  other  developed  economies  in  the 
past  half  century,  as  it  did  in  the  preced¬ 
ing  century  and  a  half.  New  and  better 
machines  have  contributed  to  reducing 
the  average  weekly  hours  of  work  in 
manufacturing  from  44  in  1 930  to  fewer 
than  42  today.  At  the  same  time  mecha¬ 
nization  has  contributed  to  major  gains 
in  the  rewards  for  work:  the  average  pay 
in  manufacturing  has  risen  from  $1.60 
per  hour  then  to  $3  now  (in  constant 
1967  dollars).  This  excludes  fringe  bene¬ 
fits,  which  have  grown  on  the  average  to 
about  35  percent  of  base  pay.  Moreover, 
some  economists  ha-e  come  to  appreci¬ 
ate  that  the  key  to  economic  progress 
lies  less  with  the  accumulation  of  physi¬ 
cal  capital  and  more  with  the  broad¬ 
ening  and  deepening  of  human  capital, 
since  it  is  human  talent  alone  that  is  ca¬ 
pable  of  Inventing,  adapting  and  main¬ 
taining  machines. 

Pkrt  of  the  problem  is  that  the  majori¬ 
ty  of  economists,  with  their  strong  bias 
in  favor  of  the  competitive  market,  have 
paid  inadequate  attention  to  the  contri¬ 
bution  of  the  public  sector  to  accelerat¬ 
ing  the  growth  of  human  capital.  Public 
support  has  taken  different  forms:  the 
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-O.l.  BUI  of  Rights"  of  1944,  the  txpan- 
aion  of  public  highsr  education,  Federal 
financing  of  raaearch  and  development, 
and  the  large-wale  proliferation  of  *pe- 
cialized  training  programs  created  aa 
by-products  of  effort*  to  build  up  the 
country’s  military  strength  and  to  devel¬ 
op  nuclear  power,  aircraft,  computers, 
spacecraft,  communications  and  other 
large-scale  technologies. 

In  the  three  decades  between  the  elec¬ 
tion  of  President  Eisenhower  and  the 
election  of  President  Reagan  both  per 
capita  disposable  income  and  famUy  in¬ 
come,  expressed  in  constant  dollars,  al¬ 
most  doubled.  Trade  unions  have  be¬ 
come  a  prominent  feature  of  the  indus¬ 
trial  landscape  (although  their  member¬ 
ship  as  a  fraction  of  the  total  work  force 
has  declined  since  1955),  and  a  profes¬ 
sional,  college-trained  cadre  of  manag¬ 
ers  has  taken  command  of  most  U.S. 
corporations.  It  would  be  surprising  in¬ 
deed  if,  mechanization  aside,  the  forego¬ 
ing  changes  had  not  left  their  mark  on 
how  workers  behave  both  on  the  job 
and  off  it. 

Other  factors  must  also  be  taken  into 
account:  the  repeated  involvement  of 
the  country  in  foreign  wars,  the  growing 
threat  of  nuclear  war,  rapid  changes 
in  basic  values  and  behavior  involving 
aspects  of  life  from  sex  to  religion, 
increasing  skepticism  about  and  chal¬ 
lenges  to  authority  and  legitimacy.  Only 
those  economists  who  believe  every¬ 
thing  in  life  is  determined  by  the  calcu¬ 
lus  of  the  marketplace  would  attempt 
to  explain  the  difficulties  in  which  the 
U.S.  economy  finds  itself  in  1982  as  re¬ 
sulting  from  a  collapse  of  the  work 
ethic.  The  Luddites  looked  on  the  ma¬ 
chine  as  the  villain;  the  supply-siders 
blame  the  worker. 

The  second  of  the  three  themes  I  men¬ 
tioned  at  the  outset  is  the  extent 
to  which  mechanization  has  helped  to 
change  the  U.S.  economy  since  World 
War  II.  Of  the  41.6  million  people  em¬ 
ployed  in  1940  (excluding  the  self-em¬ 
ployed  and  domestic  servants)  34  per¬ 
cent  were  engaged  in  the  production  of 
goods:  in  agriculture,  mining,  construc¬ 
tion  and  manufacturing.  Mechanization 
had  earlier  made  steady  advances  in  the 
grain-producing  states  of  the  Middle 
West,  but  it  had  only  a  minor  place  ir. 
the  cotton  culture  of  the  Southeast.  The 
South,  in  the  view  of  President  Roo¬ 
sevelt,  was  the  nation’s  No.  1  economic 
problem.  It  conformed  to  the  Marxian 
view  that  surplus  labor  would  be  con¬ 
centrated  on  the  farm,  living  at  the 
margin  of  subsistence  and  awaiting  an 
opportunity  to  relocate  to  urban  cen¬ 
ters  when  employers  needed  additional 
workers.  As  late  as  1940  four  out  of  five 
black  citizens  were  still  living  in  the 
South,  the  majority  of  them  on  farms 
they  sharecropped. 

World  War  II  was  the  continental  di¬ 
vide.  Many  blacks  went  into  the  armed 


services;  others  moved  to  the  North  and 
West,  where  employers  faced  growing 
labor  shortages;  still  others  moved  into 
Southern  cities,  many  of  which  were  be¬ 
ing  transformed  by  the  infusion  of  mili¬ 
tary  dollars.  Other  fanning  areas  also 
sustained  a  large-scale  exodus  of  sur¬ 
plus  labor,  setting  the  stage  for  the  ac¬ 
celerated  mechanization  of  agriculture. 
Paradoxical  as  it  may  seem,  agricul¬ 
ture  is  now  considerably  more  mecha¬ 
nized  than  manufacturing. 

In  the  same  four  decades  mechaniza¬ 
tion  made  rapid  advances  in  bituminous 
coal  mining  as  a  result  of  two  factors: 
the  development  of  strip  mining  in  the 
West  and  the  decision  of  the  United 
Mine  Workers’  Union,  led  by  John  L. 
Lewis,  to  favor  higher  wages  over  more 
jobs.  In  spite  of  the  widespread  belief 
that  strong  unions  have  inhibited  mech¬ 
anization  in  the  construction  industry, 
the  evidence  from  the  mechanization 
of  excavation  to  the  prefabrication  of 
structures  points  to  major  advances  in 
the  application  of  sophisticated  technol¬ 
ogies.  Although  some  construction  un¬ 
ions  have  been  strong  enough  to  delay 
the  introduction  of  new  machines  or  to 
prevent  the  new  machines  from  operat¬ 
ing  at  full  capacity,  these  delaying  tac¬ 
tics  have  in  certain  instances  stimulated 
the  growth  of  nonunionized  industry, 
where  contractors  were  able  to  mecha¬ 
nize  without  interference. 

At  the  height  of  the  war  boom  the 
A  goods-producing  sectors  of  the  U.S. 
economy  accounted  for  69  percent  of 
the  employed  labor  force.  In  1980  they 
accounted  for  32  percent.  The  most 
striking  shift  in  the  goods-produeing 
sectors  was  the  decrease  in  the  number, 
both  absolute  and  relative,  of  agricultiu 
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al  workers.  The  second  most  prominent 
shift  was  the  relative  decline  in  manu¬ 
facturing,  where  employment  increased 
from  34  percent  of  all  nonagricultural 
jobs  in  19*0  to  41  percent  in  1943  but 
declined  to  22  percent  at  present. 

The  decreasing  employment  in  the 
goods-producing  sectors  of  the  econo¬ 
my  was  first  matched  and  then  exceed¬ 
ed  by  the  increasing  employment  in  the 
service  sector.  Between  1940  and  1980 
employment  in  service  occupations  grew 
from  46  percent  of  total  employment 
to  68  percent  Of  all  new  jobs  added 
to  the  economy  from  1969  to  1976,  90 
percent  were  in  Krvices. 

What  are  the  reasons  for  this  shift? 
The  answers  differ  depending  on  who  is 
asked.  Some  economists  deny  that  a  sig¬ 
nificant  shift  has  occurred;  at  most  they 
will  agree  that  there  has  been  a  slow, 
steady  growth  of  service-sector  jobs. 
Some  acknowledge  that  a  shift  has  oc¬ 
curred,  but  they  ascribe  it  primarily  to 
the  explosive  growth  in  health,  educa¬ 
tion  and  related  services.  They  expect 
that  the  growth  will  level  off  and  even 
decline  now  that  the  birthrate  is  down 
and  the  Reagan  Administration  is  press¬ 
ing  to  reduce  the  level  of  Government 
outlays.  Others,  including  our  own 
group  at  Columbia  University,  are  con¬ 
vinced  that  there  has  been  a  tilt  of  de¬ 
mand  toward  more  consumer  services 
and  that,  even  more  important,  changes 
have  been  made  in  the  way  goods  are 
produced,  calling  for  a  vast  expansion  in 
“producer  services.*’  Thomas  M.  Stan- 
back,  Jr.,  and  his  colleagues  at  Colum¬ 
bia,  in  their  recent  book  Services/The 
Nrw  Economy,  note  that  the  value  added 
of  producer  services  alone— financial, 
legal,  accounting,  marketing,  manage¬ 
ment  consulting  and  communications— 


equals  the  value  added  of  all  manufac-  their  nature  ephemeral,  are  unproduc-  yard  and  could  move  up  many  grades  on 
turing  output  live.  Smith,  reacting  to  the  excessive  the  heals  of  seniority  and  on-the-job 

A  look  at  the  changes  In  the  occupa-  number  of  family  retainers  among  the  training.  That  is  not  the  case,  he  ob- 
tional  sti  ucture  further  illuminates  the  rich,  misled  himself  and  his  followers-  serves,  for  the  laboratory  technician  in  a 
causes  and  consequences  of  the  shifts  about  the  nature  of  services.  Econo-  hospital  or  the  paralegal  worker  in  a  law 
identified  here.  Somewhat  simplistic  mists  finally  realized,  however,  that  an  firm.  In  support  of  this  argument,  it  has 
comparisons  can  be  made  among  white-  artist  who  gives  pleasure  to  thousands  to  be  conceded  that  a  college  or  profes- 
collar  workers,  blue-collar  workers  and  or  a  surgeon  who  restores  the  health  tional  degree  is  a  prerequisite  for  com- 
service-sector  workers  (narrowly  de-  of  hundreds  must  be  considered'  pro-  peting  for  many  of  the  best  jobs  in  the 
fined  as  those  whc  provide  services  pri-  ductive.  Nevertheless,  the  followers  of  service  sector.  On  the  other  hand,  talent 
marily  to  consumers).  In  1940  the  pro-  Smith  have  been  preoccupied  with  re-  appears  to  be  as  important  as  formal 
portions  employed  in  these  kinds  of  oc-  fining  the  manufacturing  model.  With  degrees  in  many  occupations,  such  as 
cupation  were  respectively  3 1  percent  few  exceptions  the  output  of  services  advertising,  design  and  sports.  In  my 
57  percent  and  12  percent;  in  1980  they  has  been  downgraded  or  ignored.  view  the  issue  remains  open, 

were  54  percent  34  percent  and  12  per-  This  bias  against  service  occupations 

cent.  Bigger  and  better  machines  on  the  was  reinforced  by  a  widespread  belief  'T'hese  last  considerations  are  a  bridge 
farm,  in  the  mines,  in  the  factory  and  at  that  mechanization,  the  key  to  produc-  -I-  to  the  third  theme  I  mentioned  at  the 
construction  sites  call  for  fewer  opera-  tivity  and  growth,  has  little  or  no  role  to  outset:  the  effects  of  mechanization  on 
tives.  In  modern  oil  refineries,  chemical  play  in  the  production  of  services.  In  the  work  environment.  To  the  extent 
plants  and  steel-fabricating  mills  there  is  fact,  some  contemporary  economists  that  any  generalization  is  justified,  one 
a  great  deal  of  machinery  but  there  are  have  separated  out  the  heavy,  capital-  can  maintain  that  the  conventional  at- 
few  workers,  and  many  of  the  workers  intensive  services— transportation,  com-  titude  of  the  American  worker  toward 
are  engaged  in  white-collar  jobs.  The  munications  and  electric-power  utils-  machines  has  been  different  from  that  of 
General  Electric  Company,  which  man-  ties— and  treated  them  as  either  part 
ufactures  tens  of  thousands  of  differ-  of  or  closely  related  to  conventional 
ent  items  from  turbines  to  electric-light  manufacturing, 
bulbs,  has  no  more  than  40  percent  of  its  A  further  bias  has  been  at  work, 
employees  directly  engaged  in  produc-  Many  services  are  anchored  in  the  pub- 
tion;  the  rest  work  in  what  can  best  be  lie  sector  rather  than  the  private  sector; 
classified  as  in-house  producer  services  the  leading  examples  are  education, 
from  accounting  to  marketing.  health  and  such  basic  functions  as  police 

If  one  looks  at  the  qualitative  changes  protection,  fire  protection  and  sanita- 
that  are  suggested  by  the  shift  from  tion.  Economic  theory  baaed  on  the 
blue-collar  to  white-collar  employment,  competitive  marketplace  has  little  to 
one  finds  a  truly  impressive  growth  in  contribute  to  an  understanding  of  such 
the  two  groupings  in  the  standard  cate-  public  services.  Handicapped  by  tradi- 
gories  of  the  Bureau  of  Labor  Statistics  tion.  economists  have  been  slow  to  un- 
that  have  the  highest  status  and  in-  derstand  the  shift  of  modern  economies 
comes:  professional,  scientific  and  tech-  toward  services  and  in  particular  toward 
nical  workers,  and  managerial  and  ad-  services  in  the  public  sector,  toward  pro- 
ministrative  workers.  Between  1940  and  ducer  services  and  toward  mechaniza- 
1980  the  former  group  increased  from  tion  in  large  service  enterprises. 

7.5  to  16  percent  of  the  employed  labor  Most  economists  assumed  that  serv- 
force,  and  the  latter  group  declined  ice  companies  would  inevitably  contin- 
from  20  to  13  percent.  The  last  two  fig-  ue  to  be  small,  since  service  providers 
ures  conceal  a  major  qualitative  trans-  had  to  interact  personally  with  consum- 
formation,  since  they  lump  the  own-  ers,  as  in  the  case  of  a  restaurant,  a  dry¬ 
ers  and  managers  of  small  enterprises,  cleaning  establishment,  a  physician  or 
whose  numbers  declined,  and  corpo-  an  accountant  The  model  of  the  small 
rate  and  other  high-level  administra-  local  consumer-service  company,  how- 
tors,  whose  numbers  rose.  ever,  cicarly  does  not  fit  the  fast-food 

chains,  the  international  banks  with 
/Confirmation  of  the  radical  changes  in  branches  in  100  or  more  cities,  the 

•  the  occupational  structure  can  be  worldwide  hotel  chains,  the  national  re- 
found  in  the  striking  rise  in  the  edu-<*  tailing  chains  and  many  other  nation- 
cational  achievements  of  the  younger  al  and  international  service  enterprises 
members  of  the  work  force:  those  be-  that  have  been  able  to  mechanize  many 

tween  25  and  29  years  of  age.  One  need  of  their  critical  functions,  from  finance 


not  hold  the  philistine  view  of  many  hu¬ 
man-capital  theorists  that  educational 
preparation  is  determined  solely  by  the 
estimates  people  make  of  their  career 
and  income  prospects  to  see  that  the  two 
factors  are  definitely  correlated.  The 
large  increase  in  the  proportion  of  those 
in  the  25-to-29  age  group  who  have  ei¬ 
ther  an  undergraduate  degree  or  a  high¬ 
er  degree  is  striking;  from  one  in  16  in 
1940  to  almost  one  in  four  in  1980. 

There  is  a  bias  among  economists  go¬ 
ing  back  to  Adam  Smith  that  only  work 
resulting  in  a  physical  output  is  pro¬ 
ductive  and  that  services,  which  are  by 


to  personnel  management. 

As  I  have  noted,  the  period  since 
World  War  II  has  also  been  marked  by 
a  steady  advance  in  the  educational 
preparation  and  skill  level  of  the  work 
force,  as  exemplified  by  the  increase  in 
the  number  of  white-collar  workers 
and  of  professional,  scientific  and  tech¬ 
nical  workers.  The  question  remains  of 
whether  it  is  more  difficult  in  the  service 
sector  than  it  is  in  the  manufacturing 
sector  to  move  from  a  less  desirable  job 
to  a  more  desirable  one.  Stanback  be¬ 
lieves  this  has  been  the  case.  He  points  to 
the  steelworker  who  began  work  in  the 


TOTAL  MECHANIZATION  of  a  acw  sys¬ 
tem  for  tkc  spray  palattag  of  the  bodies  of 
tats  aad  tight  tracks  suite*  M  possible  to  re¬ 
sort  aU  kiaa*  workers  from  a  particularly 
sorrows  ladwatrial  teak.  Tkc  diagram  shows 
tkc  control  kitrorcky  foe  the  Numerically  Con 
troiled  Palot  System,  wiki  has  beta  deed- 
opsd  orsr  the  poet  servo  ysars  by  tbe  Csocral 
Motors  Corpora  tiao;  tkc  system  has  roceoUy 
beta  iastaUsd  at  tkc  CM  Mscmbiy  plaat  la 
Dotavlils,  Ga.  Tbe  prsssal  system  r*  acini  of 
thro*  pales  ad  aatoauttic,  laid  stroke,  roof 
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the  European  worker.  For  the  most  par, 
American  workers  have  had  a  positive 
attitude  toward  technological  improve¬ 
ments,  seeing  them  as  making  their  work 
less  onerous  and  as  providing  an  op¬ 
portunity  for  wage  increases  through 
increased  productivity  and  for  the  en¬ 
hancement  of  their  job  security  through 
improvement  of  their  company’s  com¬ 
petitive  position. 

In  European  countries,  with  their 
smaller  markets,  the  job-disp'acement 
potential  of  the  new  machines  has  been 
more  prominent  in  the  thinking  and 
action  of  the  workers.  Technological 
unemployment  was  viewed  as  a  seri¬ 
ous  threat  by  the  principal  unions  in 
the  German  Weimar  Republic  of  the 
1920  s,  and  even  the  economic  revival 
of  West  Germany  after  World  War  11 
did  not  dispel  this  fear.  In  the  early 
1960’s  the  largest  of  the  West  German 
unions,  the  metalworkers,  were  host  to  a 


week-long  international  conference  on 
mechanization  and  the  involuntary  un¬ 
employment  it  could  cause.  The  issue  is 
once  again  high  on  the  agenda  of  the 
West  German  trade  unions,  particularly 
because  of  the  disturbingly  high  level  of 
unemployment  in  that  country. 

Marx  railed  against  the  dehumaniza¬ 
tion  of  work  in  which  the  machine  set 
the  pace,  a  theme  that  was  resurrected  in 
succeeding  generations  by  John  Ruskin, 
Edward  Bellamy  and  Emma  Goldman 
Md  that  wa*  developed  perhaps  most 
imaginatively  in  Charlie  Chaplin’s  mo¬ 
tion  picture  Modern  Times.  One  need  not 
gloss  over  the  physical  and  psychologi¬ 
cal  strain  of  working  on  the  assembly 
line  to  point  out  that  at  the  peak  proba¬ 
bly  no  more  than  one  in  1 5  or  20  Ameri¬ 
can  workers  earned  a  livelihood  by  such 
work.  Robert  Schrank,  whose  Ten  Thou¬ 
sand  Working  Days  is  the  roost  percep¬ 
tive  account  of  the  diversity  of  working 


environment!  in  the  contemporary  US. 
economy,  makes  a  strong  opposing  case. 
Instead  of  the  machine's  dominating  the 
live*  of  the  workers,  he  writes,  the  im¬ 
mediate  work  group  learns  to  organize 
its  activities  to  enlarge  its  scope  of  free¬ 
dom  to  do  the  things  its  members  most 
enj^v:  swap  stories,  fool  around,  piay 
femes,  gamble,  keep  the  foreman  off 
theu  back  and  otherwise  interact  with 
one  another,  investing  little  of  them 
aelves  in  carrying  out  their  assignment. 

Three  decades  ago,  in  the  book  Occu¬ 
pational  Choice,  my  coauthors  and  1  dis¬ 
tinguished  three  returns  from  work: 
intrinsic  (direct  work  satisfaction  1,  ex¬ 
trinsic  (wages  and  benefits)  and  con¬ 
comitant  (interpersonal  relations  on  the 
job  and  in  the  work  environment).  Ad¬ 
vocates  of  improving  the  quality  of 
work  life  see  major  opportunities  to  en¬ 
hance  the  intrinsic  and  concomitant  re¬ 
turns  that  workers  are  able  to  get  from 
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their  work.  In  my  opinion  they  exagger¬ 
ate,  The  scope  for  deciaion  making  by 
worken  on  the  factory  floor  or  in  the 
large  office  it  aeverely  limited  An  ex- 
ire  me  division  of  labor  results,  as  Smith 
perceived,  in  routine,  repetitive  tasks 
from  which  decision-making  functions 
have  been  extracted. 


tween  the  traditional  hierarchical  struc¬ 
ture  of  organizations  and  the  implicit 
(and  increasingly  explicit)  demands  of 
professionals  for  greater  autonomy  in 
their  work.  How  these  demands  will  be 
reconciled  with  traditional  modes  of 
management  remains  to  be  seen,  and 
the  process  of  reconciliation  may  prove 


Although  American  trade  unions  may 
have  been  too  confrontational  in  their 
attitudes,  their  underlying  conviction  is 
that,  beyond  pressuring  management 
to  make  the  work  environment  safer, 
cleaner  and  more  attractive,  there  is  not 
much  management  can  do  to  improve 
the  intrinsic  rewards  from  work.  Ac¬ 
cordingly  unions  have  pressed  and  will 
continue  to  press  ior  improvements  in 
extrinsic  rewards:  job  security,  equity 
in  selection  for  promotions,  participa¬ 
tion  by  the  unions  in  discipline  and  dis¬ 
charge,  better  wages  and  fringe  benefits, 
and  more  free  time. 

As  my  colleagues  Ivar  Berg,  Marcia 
Freedman  and  Michael  Freeman  have 
documented  in  their  book  Managers  and 
Work  Reform,  much  of  the  agitation  of 
the  U.S-  economy  is  a  function  of  the 
expectations  workers  have  about  then- 
jobs;  there  is  a  real  danger  that  many 
are  overeducated  for  the  work  to  which 
they  are  assigned.  Furthermore,  much 
of  the  dissatisfaction  of  workers  stems 
not  from  their  limited  scope  to  partici¬ 
pate  in  decisions  that  affect  their  work 
but  from  their  frustration  with  manag¬ 
ers  who  fail  to  perform  effectively. 

Much  of  the  preceding  discussion  of 
the  workplace,  worker  motivation 
and  the  quality  of  work  life  has  been  in 
terms  of  the  modern  factory.  Since  the 
labor  force  is  now  overwhelmingly  em¬ 
ployed  in  the  service  sector,  however,  it 
seems  desirable  to  call  attention  to  a 
few  future  developments  in  the  relation 
of  mechanization  to  the  work  environ¬ 
ment  there. 

Because  of  the  critical  importance  of 
quality  in  the  service  sector  the  control 
of  work  and  workers  confronts  manage¬ 
ment  with  a  new  and  difficult  challenge. 
Service-sector  work  has  more  dimen- 


as  difficult  as  it  is  important 
At  the  other  end  of  the  occupational 
scale  it  appears  that  the  increase  in  the 
number  of  service-sector  jobs  has  been 
correlated  with  the  decrease  in  the  frac¬ 
tion  of  the  work  force  that  is  unionized. 
Many  observers  believe  trade  unions 
will  be  further  weakened  as  the  growth 
of  the  service  sector  continues.  This  may 
in  fact  happen,  but  several  countervail¬ 
ing  factors  must  be  considered.  Many 
service  jobs  pay  low  wages  and  provide 
limited  benefits.  More  women,  concen¬ 
trated  in  low-paying  service  jobs,  are  be¬ 
coming  regularly  attached  to  the  work 
force.  The  computer  revolution  seems 
ready  to  make  major  inroads  into  the 
office,  a  development  that  holds  a  threat 
to  the  job  security  of  many  white-collar 
workers.  The  continuing  erosion  of  the 
real  earnings  of  workers  by  inflation 
makes  these  employees  receptive  to  un¬ 
ion  organization.  It  is  easy  to  write  off 
the  trade-union  movement,  particularly 
since  it  has  had  a  conspicuous  lack  of 
success  so  far  in  restructuring  itself  to 
meet  the  challenges  of  a  changing  econ¬ 
omy.  Even  if  the  unions  finally  succeed 
in  makinr  sizable  gains  in  the  service 
sector,  they  will  face  not  only  the  con¬ 
ventional  challenges  of  achieving  high¬ 
er  wages  and  better  fringe  benefits  for 
their  members  but  also  the  challenge 
of  contributing  to  a  more  stimulating 
workplace. 

Veblen  once  explained  the  success  of 
Germany  in  overtaking  Britain  as  an 
industrial  power  in  terms  of  the  advan¬ 
tages  of  being  second  (or  third).  The 
latecomer  did  not  have  to  carry  the  bur¬ 
den  of  obsolescent  machinery  or  busi¬ 
ness  practices.  Many  analysts  in  the  U.S. 
in  1982  think  Japan  and  the  leading  na¬ 
tions  of  the  Third  World  have  the  same 
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sions  and  complexities  than  factory 
work,  particularly  considering  the  much 
higher  proportion  of  professional,  scien¬ 
tific  and  technical  people  employed  in 
service  industries.  It  is  the  hallmark  of 
such  personnel  that  their  training  has 
conditioned  them  to  decide  what  work 
to  do,  how  to  do  it  and  even  when  to  do 
it  The  members  of  a  university  faculty, 
although  they  are  members  of  a  depart¬ 
ment  a  school  and  a  larger  institution, 
consider  themselves  as  self -directed, 
autonomous  individuals  to  whom  the 
chairman,  the  dean  and  the  president 
can  address  requests  but  not  give  or¬ 
ders.  Increasingly  this  academic  model 
is  spreading  to  industry  and  govern¬ 
ment  to  the  research  laboratories,  to 
corporate  staffs  and  to  government 
agencies.  There  is  growing  tension  be- 


advantages  Germany  once  had.  The 
analogy  is  suggestive,  but  it  is  faulty. 
For  some  years  various  manufacturing 
activities  have  been  moving  to  low-wage 
countries  not  only  out  of  Western  Eu¬ 
rope  and  the  U.S.  but  also  out  of  Japan. 

There  is  widespread  concern  about 
the  periodic  imbalances  of  U.S.  trade  in 
commodities  with  the  rest  of  the  world. 
In  1980  the  deficit  in  such  trade  amount¬ 
ed  to  slightly  more  than  S2S  billion. 
That  is  not  the  whole  story,  however. 
Fees  and  royalties  on  direct  U.S.  invest¬ 
ments  abroad  amounted  to  almost  $6.7 
billion,  and  net  earnings  on  foreign  in¬ 
vestments,  excluding  these  fees,  came  to 
$32.8  billion,  resulting  in  a  net  surplus 
of  more  than  $13  billion  in  goods  and 
services  (adjusting  for  the  small  net  defi¬ 
cit  in  travel  receipts).  Goods  and  serv- 

C-8 


\\\ 


lets  do  not  lead  totally  independent  ex 
is  tenets,  and  as  I  have  noted,  service 
have  come  to  play  a  much  more  impor 
tant  role  in  the  production  of  goods.  The 
challenge  to  the  U.S.  economy  is  noi 
"re industrialization"  but  rather  “revi 
tallzation,”  in  which  mechanization  ha: 
an  Important  role  to  play  with  respect  tc 
both  goods  and  services. 

It  is  moot  whether  any  new  specific 
policies  are  required  to  speed  revitalize 
tion  beyond  a  recognition  that  the  U.S 
economy  is  moving  ever  more  strongly 
into  services  and  that  the  country’s  legis¬ 
lators  and  administrators  should  deal 
equitably  between  the  different  sectors 
in  the  creation  and  implementation 
of  trade,  tax  and  employment  policies. 
The  Reagan  Administration,  through 
the  Office  of  the  Special  Representative 
for  Trade  Negotiations,  has  demonstrat¬ 
ed  a  growing  concern  with  international 
trade  involving  services.  In  the  private 
sector  a  recently  established  consortium 
of  major  service  companies  is  further 
evidence  of  attention  and  action. 

A  conclusion  that  government  should 
not  venture  into  the  formulation  of  in¬ 
dustrial  policy  does  not  imply  that  the 
state  has  no  role  to  play  in  the  strength¬ 
ening  of  the  industrial  infrastructure.  It 
is  important  to  remember  that  govern¬ 
ment  has  played  a  major  role  in  lead¬ 
ing  American  industries:  in  agriculture, 
aeronautics,  nuclear  power,  electron¬ 
ics,  computers,  communications,  genetic 
engineering  and  other  emerging  tech¬ 
nologies.  If  the  present  Administration 
has  its  way,  the  support  of  universities, 
the  education  and  training  of  specialists 
and  the  underwriting  of  research  and  de¬ 
velopment  will  not  be  carried  forward  at 
an  appropriate  scale  or  with  the  ade¬ 
quate  lead  times.  The  machines  that  are 
invented,  improved  and  put  into  opera¬ 
tion  througnout  the  economy  depend  on 
a  steady  accretion  in  the  pool  of  knowl¬ 
edge  and  on  the  availability  of  enough 
technicians.  If  the  country  had  to  wait 
for  the  big  corporations  to  train  their 
own  technical  personnel  from  the 
ground  up,  it  could  wait  a  long  time. 
Even  if  they  wanted  to  do  it,  they  could 
not.  The  ideologues  may  swoon  over  the 
beatitudes  of  the  competitive  market, 
which  clearly  has  much  to  commend 
it,  but  the  U.S.  economy,  for  better  or 
worse,  is  a  pluralistic  system  in  which 
government,  nonprofit  institutions  and 
privately  owned  companies  have  com¬ 
plementary  relations.  No  one  of  them, 
left  to  its  own  devices,  can  prosper  in  a 
technologically  sophisticated  world. 

It  would  be  a  distortion  to  end  this  in¬ 
troduction  to  a  series  of  articles  on 
the  mechanization  of  work  without  con¬ 
sideration  of  its  problematical  conse¬ 
quences.  I  shall  therefore  take  up  some 
of  the  consequences  of  mechanization 
for  women  and  for  the  undereducated. 

With  respect  to  women,  mechaniza¬ 
tion  unquestionably  paved  the  wav  for 


many  of  them  to  escape  the  confines  of 
the  home  as  a  result  of  laborsaving  de¬ 
vices,  which  eased  the  chores  of  nouse¬ 
keeping  and,  equally  important,  re¬ 
duced  the  role  of  physical  sfength  as  a 
qualifying  characteristic  for  many  jobs. 
The  positive  role  of  mechanization  in 
the  liberation  of  women  had  little  or  no 
influence,  however,  on  such  untoward 
trends  as  the  ominous  rise  in  the  number 
of  households  headed  by  women,  the 
disturbingly  large  number  of  youngsters 
being  brought  up  solely  by  their  mothers 
and  the  large  fraction  of  those  families 
that  live  at  or  below  the  poverty  level. 
These  trends  can  be  disregarded  only  by 
a  society  that  is  indifferent  to  human 
deprivation  and  unconcerned  about  its 
own  future. 

Before  the  introduction  of  sophisti¬ 
cated  machinery  as  well  as  afterward  all 
economies  have  faced  difficulties  in  pro¬ 
viding  jobs  for  everyone  who  needs 


work.  In  spite  of  the  good  record  of  the 
U.S.  economy  with  respect  to  the  crea¬ 
tion  of  jobs  in  recent  decades  Arthur 
F.  Burns,  the  former  chairman  of  the 
Board  of  Governors  of  the  Federal  Re¬ 
serve  System  (and  the  current  U.S. 
ambassador  to  West  Germany),  recom¬ 
mended  in  197S,  in  the  face  of  the  con¬ 
tinuing  difficulties  that  many  young  peo¬ 
ple  were  having  in  finding  and  keeping 
jobs,  that  the  Federal  Government  be¬ 
come  “the  employer  of  last  resort"  at 
wages  10  percent  below  the  legal  mini¬ 
mum  wage.  Some  believe  the  shift  of  the 
economy  toward  services  is  currently 
making  it  more  difficult  for  the  under- 
educated  to  find  a  niche.  An  increasing¬ 
ly  white-collar  economy  has  no  place 
for  functional  illiterates. 

I  have  one  concluding  observation 
about  the  relation  between  mechaniza¬ 
tion  and  work.  There  is  a  widespread 
belief  in  the  U.S.  and  Western  Europe 


that  young  people  have  a  smaller  com¬ 
mitment  to  work  and  a  career  than  their 
parents  and  grandparents  had  and  that 
the  source  of  the  change  lies  in  the  col¬ 
lapse  of  the  “work  ethic."  The  question 
of  why  the  work  ethic  collapsed  is  sel¬ 
dom  raised,  although  sophisticated  ana¬ 
lysts  suggest  it  is  linked  to  economic  af¬ 
fluence  and  the  shift  of  concern  from  the 
family  to  the  self. 

I  would  suggest  that  the  success  of 
modem  technology,  which  has  put  each 
of  the  superpowers  in  a  position  to  de¬ 
stroy  the  other  (and  much  of  the  rest  of 
the  world),  presents  *  basic  challenge, 
not  only  with  respect  to  work  but  also 
with  respect  to  all  human  values  It  re¬ 
mains  to  be  seen  whether  or  not  the  po¬ 
tential  of  modem  technology  will  turn 
out  to  be  a  blessing.  Many  young  people 
are  betting  against  such  an  outcome, 
and  others  are  waiting  before  commit¬ 
ting  their  modest  stake 
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I CAN  -  Integrated  Computer-Aided  Manufacturing  (A  USAF 

Program) 

IDEF  -  ICAM  Definition  Method  (a  modeling  technique 

for  analyzing  systems) 

IDEFq  -  ICAM  Definition  Method,  version  zero  (also 

called  "Structured  Analysis  and  Design 
Technique"  and  available  commercially  under 
that  name  from  SofTech,  Inc.,  the  developer). 

A  technique  for  modeling  the  functions 
(activities)  of  a  system. 

IDEFi  -  The  information  modeling  technique.  It  is  used 

to  create  a  model  of  the  information  required 
to  accomplish  the  functions  defined  using 
IDEFo . 

IDEF 2  -  The  dynamic  modeling  technique.  Enables  the 

analyst  to  create  a  graphic  model  of  the  system 
that  relates  system  operation  to  time. 

IDSS  -  ICAM  Decision  Support  System.  This  is  a 

computer-based  simulation  capability  for 
exercising  the  Dynamic  model  (IDEF2) ,  to 
permit  evaluation  of  alternate  design  solution 
to  improvement  concepts,  using  quantitative 
measures  of  performance. 

TECH  MOD  -  An  Air  Force  Program  to  encourage  aerospace 

manufacturers  to  develop  and  implement 
technological  advances  in  their  factory.  Short 
for  Technology  Modernization. 

MAN  TECH  -  Manufacturing  Technology.  An  activity  in 

itself,  but  also  an  Air  Force  Program  for 
accomplishing  the  following  four  subprograms: 
o  ICAM  Program 

o  TECH  MOD  Program 

o  Generic  Manufacturing  technology 

projects  (e.g.,  powdered  metallurgy, 
advanced  composites,  advanced  bonding 
techniques ,  etc . ) 

o  AFLC  -  Internal  support  to  the  Air  Force 

Logistics  Command. 
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ARCHITECTURE 


-  A  model  of  an  entire  operation,  such  aa 
manufacturing.  Tha  architecture  of 
manufacturing  includas  thraa  models  IDEFq » 

IDEF^,  IDEFo  "  aach  corresponding  to  a  different 
aspect  of  the  system. 

COST  DRIVER  -  An  operation  which  contributes 

disproportionately  to  the  total  cost  of  an 
enterprise.  The  ICAM  Program  tries  to  eliminate 
or  reduce  cost  drivers  through  the  application 
of  the  ICAM  technology  to  the  factory  to  develop 
new/ improved/be tte reintegrated  capabilities 
which  capitalise  on  automation. 
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ROBOTICS 

AND 

ARTIFICIAL  INTELLIGENCE 
RELATED  PROJECTS 
LISTING 


The  material  presented  in  this  liating  rapraaanta  tha 
first  atap  in  an  attempt  to  document  all  robotics  and 
artificial  intalligaoca  rasaareh  and  development 
projects  recently  completed  or  currently  planned  by  DOD 
agencies. 


In  many  cases,  the  information  contained  in  the 
descriptions  was  merely  transcribed  in  abbreviated  fore 
from  other  sources,  gnd  no  claim  to  originality  is 
expressed  or  implied. 


Cognisant  activities  are  invited  to  review  and  update 
their  respective  entries,  and  forward  corrections  as  well 
as  new  additions  to  the  below  address. 


LCDR  Bart  Everett 

Special  Assistant  for  Robotics 

SEA  9 OH 

Naval  Sea  Systems  Command 

Washington,  DC  20362 

(202)  692-6118 
A/V  222-6644 
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PRODUCTION  ft  DISTRIBUTION  (tl-CONT) 


Responsible  DOD  organisation:  Office  of  Naval  Research 

Department  of  fcha  Navy 
Arlington,  VA  22217 
Attn:  Dr.  Thoaaa  C.  Varlay 
(202)  696-4313 


2.  Performing  organ iaat ion: 


Gaorgia  Xnatituta  of  Technology 
School  of  Xnduatrial  ft  Systems 
Bnginaaring 
Atlanta,  CA  30332 
Attn:  Mr#  H.  Donald  Ratliff 
(404)  B94-230? 


3.  Objective: 


4.  Approach : 


5.  Prograsa:  During  tha  past  contract  period,  work  was  performed  in  aavaral 

areas  associated  with  Production  and  Distribution.  Significant 
progress  was  made  using  interactive  color  graphics  computer 
techniques  and  human-aid  optimisation  procaduras  towards 
advanced  concepts  in  fleet  developments,  warehouse  design, 
plant  layout,  and  vehicle  scheduling  procaduras. 

6.  Reference: 
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AUTONOMOUS  UNDERWATER  ROBOTS  AND  VEHICLES 


1,  Responsible  DOD  organisation:  Offica  of  Naval  Raaaarch 

Department  of  tha  Navy 
Arlington.  VA  22217 
Attn:  A.  Meyrowit* 

(202)  696-4313 

2.  Performing  organisation:  Carnegie -Me l l on  Univarsity 

Tha  Robotics  Inatituta 
Schanlay  Park 
Pittsburgh.  PA  15213 
Attn:  Prof.  Raj  Reddy 


3.  Objective:  Apply  artificial  intelligence  techniques  to  tha  design  of 
autonomous  underwater  vehicles  and  robots.  Work  will  be 
centered  on  extending  the  core  research  areas  which  are 
crucial  to  the  creation  of  intelligent  robots:  machine  vision, 
reason  locomotion,  manipulation,  and  planning. 

A,  Approach:  for  the  period  1*81-1983,  research  will  be  centered  on 
furthering  the  major  technological  areas  essential  to 
autonomous  robots:  (1)  the  development  of  visual  and  computer 
reasoning  capabilities  for  real-time  navigation  and  obstacle 
avoidance;  (2)  the  design  of  high-power /mass-ratio  manipulators 
to  enable  strong,  dexterous  rob  it  arms  and  hands  of  reduced 
aise  and  energy  requiremsnts;  and  (3)  the  integration  of  sensor 
and  effector  capabilities  into  a  functioning  robot. 

5.  Progress:  A)  Autonomous  Platform:  Examining  the  perception  and  control 

problems  of  autonomous  mobile  robots  in  general,  using 
land-mobile  vehicles  for  convenience.  Conceived  and  have 
largely  completed  construction  of  a  small  but  very  capable 
camera  equipped  rover.  Among  ita  innovative  features  is 
an  omnidirectional  drive  system  using  a  concentric  shaft 
differential  gear  wheel  assembly  of  our  invention. .  Three 
individually  steerable  and  driveable  wheel  assemblies  allow 
the  rover  to  move  forward,  sideways,  and  turn  about  its 
own  vertical  axis  in  any  combination. 

B)  Direct  Drive  Robotic  Arm:  Demonstration  of  high- 

performance  in  the  CMU  direct-drive  arm  (fast  response, 
no  backlash,  low  friction,  high  repeatibility ,  and  high 
stiffness),  with  precise  amasurement  of  joint  position  and 
joint  velocity  by  means  of  high-precision  (15  bits). 

6.  Reference:  Contract  Number  N00014-81-K-0503,  Work  Unit  Number  NR  610-001. 

The  research  effort  is  co-sponsored  by  Westinghouse  Corp. ,  this 
total  initiative  ia  being  closely  coordinated  with  ARPA  and 
with  emerging  robotics  interests  at  NRL,  NOSC,  NSWC,  NSRDC,  and 
SEA  90M.3. 
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ROBOTICS  TECHNOLOGY  FOR  MILITARY  APPLICATIONS 


1.  Responsible  SOD  organisation:  Office  of  Naval  Research 

Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  A.  Meyrowitt 
(202)  696-4313 

2.  Performing  organisation:  Kaasichuaetta  Institute  of  Technology 

MIT  Artificial  Intelligence  Laboratory 

545  Technology  Square 

Cambridge,  MA  02139 

Attn:  Prof.  Patrick  Winston 

(617)  253-6218 

3.  Objective:  Apply  artificial  intelligence  techniques  to  the  design  of 

"smart"  robots  with  capabilities  of  reasoning  and  viaion, 
spatial  planning,  sensing,  self-locomotion  and  mobility, 
and  adaptability.  Work  will  be  centered  bcth  on  extending 
the  state  of  the  art  and  achieving,  as  an  end  product,  an 
autonomous  hand-eye -brain  mechanical  system. 

4.  Approach:  The  research  has  the  particular  goal  of  accelerating  a  robotics 

evolution  from  a  current  state  of  relatively  "fixed"  automation 
to  the  creation  of  smart  mechanical  systems  with  such 
capabilities  as:  reasoning  and  vision,  sensing,  self- 
re  configurable  ,  finger-like  dexterity,  self-locomotion  end 
mobility,  and  control  of  multiple,  cooperating  robots.  An  end 
product  goal  will  be  the  creation  of  the  world's  most  advanced 
hand-eye-brain  sechanical  system. 

5.  Progress:  The  effort  is  being  coordinated  with  ARFA,  and  with  the  current 

and  emerging  robotics  interests  at  NRL,  NOSC,  NSWC,  and  NSRDC. 
Such  industrial  fires  as  IBM  and  Unimaticn  Corp.  are  contri¬ 
buting  R&D  personnel  to  the  effort;  other  commercial  and 
university  involvements  are  anticipated.  The  work  is  also 
being  closely  tied  to  a  related  ONR-supported  effort  at 
Carnegie-Mellon  University. 


MICRO-AUTOMATION:  MICRO  ROBOTIC  ASSEMBLY  PROCESSES 
(APR  72-DEC  74) 


1.  Responsible  DOD  organisation:  Office  of  Naval  Research 

Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  M.  Denicoff 
(202)  696-4303 

2.  Performing  organisation:  Massachusetts  Institute  of  Technology 

Artificial  Intelligence  Laboratory 
Cambridge,  MA  02139 
Attn:  P.  Winston 
(617)  253-6218 

3.  Objective:  The  development  of  prevision  mechanical  devices  which  through 

the  provision  of  human-like  learning,  viewing,  and  manipulative 
capabilities,  are  able  to  supplant  or  supplement  man  in 
performing  essential  remote  control  tasks.  This  project  is 
primarily  concerned  with  the  development  of  a  precision 
miniature  hand-eye  system,  and  its  operation  from  a  network  of 
computers. 

4.  Approach:  Research  in  artificial  intelligence,  focusing  on  robotics,  has 

the  goal  of  endowing  machine*  with  those  characteristics  that 
are  called  'intelligence*  when  exhibited  by  living  creatures. 
These  include  sensory  powers,  effector  powers,  and  the  power 
to  use  a  large  base  both  of  technical  knowledge  and  of  common 
sense,  to  make  meaningful  decisions  within  the  environment. 

This  task  is  concerned  with  development  of  a  miniature  hand- 
eye  system  capsble  of  precision  operations  to  one  thousandth 
of  an  inch,  and  its  control  by  a  computer  network  within  which 
simple  jobs  would  be  handled  locally,  while  more  complex 
operations  or  computations  would  be  done  on  larger  centralised 
machines. 

5.  Progress:  Contractor  has  designed  and  built  a  simple,  mini  robot  arm. 

Theories  have  been  developed  for  the  creation  of  an  even 
smaller  arm;  the  new  arm  to  be  suitable  for  tackling  an 
induatrial  automation  problem  of  electronic  assembly, 
inspection,  and  repair.  Both  arms  incorporate  a  force¬ 
sensing  wrist  designed  under  this  project.  Experimental 
studies  have  been  conducted  using  a  PD P-6  computer  as  the 
mini  computer  for  control  of  the  arm  and  force-sensing  wrist. 
Further  studies  were  done  exploring  computers  which  offer  more 
capability  than  the  PDP-6  for  real-time  control  in  a  network 
environment . 


6.  Reference: 
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Supervisory  control  for  teleoperator  and  vehicle  systems 

(jul  81) 


1.  Responsible  DOB  orgsnisstion:  Office  of  Nsvsl  Research 

Code  455 


2.  Perforating  organisation:  Massachusetts  Institute  of  Technology 

Attn:  T.  B.  Sheridan 
(617)  253-2228 


3 


3.  Objective:  Investigate  operator  control  performance  with  Navy  teleoperator 

and  vehicle  systeas  employing  advanced  interactive  control 
methods.  The  technical  goal  is  to  derive  models  of  operator 
performance  and  to  determine  the  environmental,  task,  and 
control/display  factors  that  most  significantly  mediate 
effective  control  performance. 

4.  Approach:  Theories  and  normative  models  are  formulated  to  examine  the 

dynamics  of  operator-computer  collaboration  in  trading  and 
aharing  system  control  functions.  Selection  of  environmental , 
task,  and  control/display  variables  for  this  phase  of  work 
derives  from  an  analysis  of  undersea  teleoperator  and  vehicle 
systems  and  operations.  Relevant  sneaor  communications  and 
computer  technologies  affecting  allocation  of  control  and 
transfer  of  information  are  examined.  Laboratory  and  field 
experiments  are  conducted  to  investigate  the  effects  of  control 
modes  and  display  methods  upon  operator  performance  and 
work load . 

5.  Progress:  Theoretical  investigations  have  produced  normative  models  of 

supervisory  control  and  have  provided  a  basis  for  the 
derivation  of  principles  affecting  the  allocation  of  control 
functiona.  Laboratory  experiments  of  teleoperator  control  have 
demonstrated  that  the  performance  benefits  of  supervisory 
control  vary  as  a  function  of  task  complexity;  supervisory 
control  was  most  beneficial  for  the  more  demanding  tasks 
(complex,  repetitive  manipulations,  and  movement  of  the  work 
surface),  particularly  wher.  performed  under  degraded  feedback 
conditions  (time  delays,  impoverished  video).  Current 
investigations  focus  on:  (a)  the  formulation  of  an  extensible 
command  language  for  control  input;  (b)  models  of  operstor 
monitoring  and  diagnostic  functions;  and  (c)  algorithms  for 
multi-level  modes  of  operator /computer  interactive  control. 

Reference: 
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ROBOT  PRODUCTIVITY  MULTIPLIERS 


1.  Responsible  DQD  organisation: 


2.  Performing  organisation: 


3.  Objective : 


4.  Approach: 


Office  of  Havel  Research 
Department  of  the  Havy 
Arlington,  VA  22217 
Attn:  A.  Meyrovits 
(202)  696-4313 

Massachusetts  Institute  of  Technology 

MIT  Artificial  Intelligence  Laboratory 

545  Technology  Square 

Cambridge,  MA  02139 

Attn:  Prof.  Patrick  Winston 


Investigate  the  design  and  construction  of  robots  capable 
of  assembling  a  variety  of  mechanical  devices.  Emphasis 
will  be  on  hand  design  and  operation,  touch-sensor  signal 
interpretation,  spatial  reasoning,  and  task-oriented  language 
implementation. 

This  project  is  designed  to  address  the  basic  research  issues 
critical  in  the  development  and  demonstration  of  an  inspection 
robot  capable  of  verifying  three-dimensional  shape,  the 
development  and  demonstration  of  a  vision-equipped,  force¬ 
sensing,  dexterous  robot  capable  of  assembling  simple 
mechanical  devices,  and  the  transfer  of  technology  and  training 
of  people. 


I 


5.  Progress: 


Expected  milestones  in  the  first  year  are  the  creation  of  a  new 
technology  of  actuation  with  emphasis  on  tendon  control,  and 
the  development  of  a  theoretical  basis  for  interpreting  touch 
sense  information  which  will  make  possible  the  building  of  a 
sensor-equipped  hand  that  recognises  objects  and  determines 
their  orientation.  During  the  second  year,  a  hand  will  be 
constructed  capsble  of  manipulating  a  broad  class  of  objects 
ranging  from  cylinders  and  spheres  to  pipe  fittings  and 
electrical  connectors,  and  a  high-level,  task-oriented 
language  for  manipulation  will  be  augmented. 


«  -V*  r 
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6.  Reference: 
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AUTOMATED  8HIP  MAINTENANCE 
(JUL  77-FEB  82) 


Responsible  DOD  organization: 


2.  Performing  organization: 


3.  Objective: 


4.  Approach: 


Progress: 


Office  of  Naval  Research 
Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  M.  Denicoff 
(202)  696-4303 

Massachusetts  Institute  of  Technology 
Artificial  Intelligence  Laboratory 
Cambridge,  MA  02139 
Attn:  P.  Winston 
(617)  253-6218 


This  task  has  the  objective  of  exploiting  recent  developments 
in  the  field  of  artificial  intelligence  —  techniques  of 
machine  reasoning,  vision,  and  manipulation  —  to  the  goal  of 
exploring  potentialities  for  automating  the  shipboard 
maintenance  function.  More  particularly,  the  objectives 
include  investigation  of  automation  possibilities  for  machine 
aiding  of  engineers/technicians  in  failure  diagnosis  and 
repair;  utilization  of  advanced  intelligent  systems  for  on- 
condition  and  rn-fhelf  monitoring;  and  use  of  manipulation 
and  vision  machines  for  materials  movement  and  spare  parts 
manufacture. 

Contractor  will  utilize  the  shipboard  maintenance  environment 
to  develop  and  test  the  utility  of  artificial  intelligence 
techniques  to  automating  weapons  maintenance.  Contractor 
plans  to  examine  and  extend  the  application  of  such  recent 
AI  results  as:  (1)  machine  understanding  and  recognition  of 
anomalies  related  to  wiring  intricacies  of  complex  circuit 
designs;  (2)  machine  debugging  of  equipment  failures;  (3)  use 
of  intelligent  support  systems  for  equipment  monitoring;  and 
(4)  design  of  advanced  maintenance  scheduling  algorithms. 

Progreas  was  made  in  the  fundamental  research  areas  of  machine 
vision  and  manipulation.  Vision  results  included:  (1)  the 
development  of  methodology  for  treating  specularly  reflecting 
objects  such  as  are  likely  to  be  encountered  at  warehouses  and 
assembly  stations,  and  (2)  the  design  of  techniques  for  dealing 
with  objects  with  non-uniform  surfaces.  Manipulation  results 
included:  (1)  the  design  of  a  superior  touch  sensor  which  is 
essential  for  fine  manipulation  tasks,  and  (2)  the  development 
of  algorithms  for  avoiding  the  collision  of  manipulated  objects 
in  free  space. 


6.  Reference: 


ROBOTICS  CONTROL 


1.  Responsible  DOD  organisetion:  Office  of  Naval  Research 

Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  Dr.  A.  Meyrowits 
(202)  696-4302 

2.  Performing  organisation:  University  of  Utah 

Salt  Lake  City,  UT 
Attn:  Dr.  S.  Jacobsen 
(801)  581-6499 

3.  Objective:  The  development  of  advanced  robots  with  the  capability  to 

perform  complex  tasks  in  assembly,  inspection,  and  maintenance 
requires  the  solution  of  many  difficult  problems,  not  the  least 
of  which  is  the  design  of  a  mechanical  hand  having  the  same 
dexterity  as  the  human  hand.  The  proposed  research  at  the 
University  of  Utah  will  complement  the  on-going  work  at  MIT  in 
this  area  by  concentrating  on  subcontrol  systems  for  local 
management  of  a  multi- jointed  hand. 

4.  Approach:  Research  in  the  control  of  individual  fingers  will  consider  the 

the  management  of  antagonistic  tendons  and  the  requirements  to 
produce  desired  positions.  Research  in  the  control  of  multiple 
fingers  will  consider  elementary  actions  (grab,  close,  twist, 
etc.)  and  the  requirements  for  an  opposing  thumb.  The  role  of 
sensory  information  will  be  studied  in  determining  how  grasping 
functions  should  be  modified  in  response  to  tactile  informa¬ 
tion. 

5.  Progress:  An  experimental  hand,  actuated  by  tendons,  has  been  built. 


6.  Reference: 


DOCUMENTATION  OF  ROBOTICS  CONFERENCE 
(3-5  NOV  80) 


1*  Responsible  DOD  organisation:  Office  of  Naval  Raaaarch 

Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  M.  Denicoff 
(202)  696-4303 

2.  Performing  organisation:  National  Academy  of  Sciences 

2101  Constitution  Avenue 
Washington,  DC  20416 
Attn:  D.  Williams 
(202)  389-6635 

3.  Objective:  NAS  will  provide  docuamntation  of  the  proceedings  of  the 

conference  on  space  and  military  applications  of  robotics. 

4.  Approach:  Presentations  at  the  conference  will  be  documented  by 

abstracts  and  copies  of  slides,  viewgraphs,  handouts,  etc., 
where  applicable. 

5.  Progress:  A  booklet  of  abstracts  can  be  obtained  from  ONR. 

6.  Reference: 


F-10 


ROBOTICS  SOFTWARE 
(APR  62-SEP  $4) 


1.  Responsible  DOD  organisation:  Office  of  Naval  Rasa arch 

Da  parent  nt  of  the  Navy 
Arlington,  VA  22217 
Attn:  A.  Meyrovits 
(202)  696-4313 

2.  Performing  organisation:  New  York  University 

Courent  Institute  of  Mathematical  Sciences 
251  Mercer  Street 
New  York,  NY  10012 
Attn:  Dr.  Jack  Schwarts 


3.  Objective: 


Conduct  research  in  algorithm  design  and  software  techniques 
for  robotics. 


4.  Approach:  One  goal  of  this  research  will  be  the  development  of  special- 

purpose  robotics  languages  and  very  high  level  languages  which 
include  constructs  allowing  abstract,  abbreviated  descriptions 
of  tasks,  but  which  also  allow  for  detailed  efficiency-oriented 
treatment  of  crucial  code  sections.  Such  programming  tools 
will  be  crucial  to  success  in  constructing  software  systems  of 
the  expected  complexity. 

5.  Progress:  Algorithms  for  path  planning  have  been  developed,  and  work 

initiated  in  automating  reasoning  about  3-D  objects. 

6.  Reference: 


l‘v'J 


>y 


F-ll 


M 

V* 


,•  /  V,/.  ',  s  .  *■ 


COMPUTER  SCHEDULING  CAPITAL  EQUIPMENT  (81-CONT) 


1.  Responsible  DOD  organisation:  Office  of  Naval  Research 

Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  Dr.  Thoms*  C.  Varley 
(202)  696-4313 

2*  Performing  organisation:  University  of  Florida 

Department  of  Industrial  A  Systems 
Engineering 
Gainesville,  FL  32611 
Attn:  Dr.  Thom  J.  Hodgson 
(904)  392-1464 

3.  Objective: 


4.  Approach: 


5.  Progress:  During  the  past  year,  research  has  concentrated  on  two  aspects 
of  scheduling:  a  computer-aided  scheduling  system  (CASS),  and 
shop  flow  models.  CASS  was  completed  and  a  variation  was 
developed  for  NARF-Jacksonville  in  aircraft  induction 
scheduling.  Flow  modeling  research  centered  on  methods  for 
evaluating  various  schemes  for  expressing  the  interactions 
within  a  system.  In  addition,  research  was  carried  out  on 
loading  of  pallets;  i.e.,  the  scheduling  of  boxes  to  form  a 
compact  load. 


6.  Reference: 
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MAC* (MOLECULAR  8YSTEMS /EVOLUTIONARY  LEARNING 
(JUM  79-8EP  79) 


1.  Responsible  Do D  organisation:  Offiea  of  Naval  Raaaareh 

Department  of  the  Navy 
Arlington,  VA  22217 
Attn:  K.  Danicoff 
(202)  692-4303 

2.  Performing  organisation:  Wayne  State  University,  Department  of 

Computer  Science 
Detroit,  MI  48202 
Attn:  M*  Conrad 
(315)  577-2477 

3*  Objective:  Study  the  relation  of  evolutionary  learning  by  variation  and 
selection  to  systems  of  very  highly  parrallel  processors, 
determine  the  viability  of  implementing  artificial  intelligence 
systems  using  variation  and  selection. 

4.  Approach:  The  principal  investigator  is  using  the  brain  as  a  model  for 

studying  chemical  and  molecular  mechanisms  underlying  natural 
intelligence.  Computational  modeling  of  macromolecular  systems 
have  been  used  to  formally  demonstrate  the  capabilities  of  such 
systems.  Systems  as  molded  are  amenable  to  learning  through 
variation  and  selection,  the  principal  investigator  is 
currently  using  computer  emulation  studies  of  such  designs, 
vith  the  objective  of  determining  which  design  features  and 
strategies  are  essential  for  evolutionary  learning,  a  specific 
goal  of  this  work  is  to  consider  whether  the  essential 
properties  necessary  for  evolutionary  learning  could  be 
embodied  in  highly  parallel  systems  of  digital  components. 

5.  Progress:  Extensive  experiments  have  been  performed  with  the  computa¬ 

tional  model  of  evolutionary  learning.  An  evolutionary 
learning  algorithm  has  been  developed  which  is  effective  for 
the  problems  which  have  been  tackled.  These  problems  include 
simple  tasks  involving  pattern  recognition  and  pattern 
generation  for  motor  control.  A  more  efficient  implementation 
of  the  algorithm  or  an  implementation  in  terms  of  suitable 
hardware  should  allow  the  solution  of  significant  problems. 

A  firm  biochemical  foundation  for  the  stodel  has  been  developed 
and  empirical  data  (based  on  the  analysis  of  protein  and 
nucleic  acid  sequences)  which  supports  the  bootstrapping 
concept  of  evolutionary  learning  has  been  discovered. 

6.  Reference: 
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VOICE  OOMMUN XCAT ION  WITH  COMPUTERS  FOR  AUTOMATED  DEVICE  CONTROL 

(FEB  78-JAN  79) 


1.  Responsible  DOD  organisation:  Office  of  Naval  Raaaarch 

Depart sent  of  the  Navy 
Arlington,  VA  22217 
Attn:  M.  Denicoff 
(202)  692*4303 

2.  Performing  orgeniaation:  Speech  Communications,  ONS  Raaaarch 

Laboratory 

806  V.  Adams  Boulevard 
Loa  Angelea,  CA  90007 
Attn:  J.  Eo  Shoup 
(SOS)  963-3011 

3.  Objective:  Automated  techniquea  end  equipments  which  will  provide  apeech 

recognition  end  apeech  ayntheaia  would  be  uaeful  to  the  Navy. 
For  example,  with  the  proliferation  of  ahipboard  and  airboard 
controla,  uae  of  voice  actuated  devicea  could  bring  about  more 
rapid  control  while,  at  the  aame  time,  minimising  the  actuation 
of  wrong  inatrumenta  or  controla.  Conversely,  apeech 
ayntheaia  could  bring  into  being  voice  warninga  of  equipment 
dangers,  improper  adjustments,  and  many  other  similar  forma  of 
voice. information.  This  task  is  attempting  to  solve  some  of 
the  problems  which  are  limiting  the  implementation  of  automatic 
speech  recognition  and  automatic  speech  ayntheaia  equipment. 

4.  Approach:  The  approach  ie  to  do  basic  research  in  speech  analysis  and 

synthesis  techniques  which  would  lead  to  automatic  derivation 
of  acoustical  parameters  for  automatic  recognition  and 
automatic  synthesis.  Emphasis  for  the  forthcoming  year  will 
be  a  study  of  what  parameters  untrained  native  listeners  and 
trained  phoneticians  hear  when  presented  with  systematically 
manipulated  syllables. 

5.  Progress:  For  format  variability  atudiea,  formant  frequencies  were 

measured  via  the  linear  prediction  method,  and  the  moat  steady~ 
state  108.8  MS  of  each  token  was  located  by  an  automatic 
algorithm. 

6.  Reference: 
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DISTRIBUTED  ARTIFICIAL  INTELLIGENCE 


1*  Responsible  DOD  organisation:  Offica  of  Naval  Raaaareh 

Department  of  tha  Navy 
Arlington,  VA  2221? 
Attn:  Dr.  D.  Misall 


2.  Performing  organisation:  Stanford  Raaaareh  Instituta 

Artificial  Intalliganca  Group 
Manlo  Park,  CA  94025 
Attn:  Nr.  B.  Roaanchain 


3.  Objective:  lo  develop  tha  scientific  basis  for  design  and  control  of 

multiple,  intelligent  machines. 

4.  Approach:  Efforts  will  be  directed  towards  three  goals:  (1)  developing 

computational  approaches  to  reasoning  about  the  beliefs  of 
other  agents;  (2)  improving  AI  planning  technology  to  enable 
the  automatic  generation  of  realistic  plans  for  agents  in  a 
distributed  environment;  end  (3)  studying  ways  in  which  a 
computer  agent  might  use  its  model  of  other  agents  to  plan 
intelligent  communication  acts  and  coordinate  its  activities 
with  those  of  the  other  agents. 

These  three  areas,  representing  the  basic  problems  in 
representing  and  reasoning  about  the  goal-directed  actions  of 
multiple  intelligent  agents,  are  prerequisite  to  any  solutiou 
of  the  DAI  problem. 

5.  Progress:  Have  combined  the  theory  of  planning  with  a  model  of  knowledge 

and  belief  to  derive  a  system  that  is  able  to  reason  about 
communicative  goals  and  plan  natural  language  utterances  on 
that  basis.  The  system  has  been  implemented  and  has  proved 
capable  of  quite  sophisticated  reasoning  about  multi-agent 
coomunication.  This  research  is  likely  to  lead  to  new 
techniques  for  controlling  multiple  robots  working 
cooperatively. 


6.  Reference:  ONR  Contract  Number  N00014-80-C-0296,  ONR  Work  Unit  Number 
NR  610-004. 
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ADAPTIVE  COMPUTER  STRATEGIES  AMD  SIMULATION  07  ROBOTIC  CONTROL 

(APR  71-MAR  77) 


1.  Responsible  DOD  organisation:  Off let  of  Naval  Raaaareh 

Departaent  of  tha  Navy 
Arlington,  VA  22217 
Attn:  M.  Danicoff 
(202)  692-4303 

2.  Performing  organisation:  Stanford  Raaaareh  Instituta  Artificial 

Intalliganea  Croup 
Manlo  Park,  CA  9402$ 

Attn:  C.  J.  Agin 
(41$)  326-6200 

3.  Objective:  Tha  Navy  haa  need  for  tha  davalopaant  of  aaehanical  devices 

which,  through  tha  proviaion  of  huaan-lika  learning,  viewing, 
and  aanipulativa  capabilitias,  are  able  to  supplant  or 
aupplaaant  aan  in  perforaing  aaaantial  ailitary  tasks  in 
hostile  environaanta.  Such  devices,  raaliaad  in  one  fora 
through  tha  crdation  of  robot  aachaniaas,  will  be  of  value  in 
applications  such  as  deep  sea  exploration,  boab  daaolition, 
and  intalliganea  data  collection.  This  task  canters  on  the 
developswttt  of  techniques  to  enable  such  devices  to  adapt  to 
changing  situations  and  anvironaenta. 

4.  Approach:  Tha  approach  to  attain  adaptive  robotic  control  strategies  will 

be  to  develop  specific  coaputer  learning  prograas  for  siaulated 
robotic  systeas,  particular  attention  will  be  paid  to  research 
on  developing  a  aan -machine  interactive  capability  for  endowing 
robot-like  devices  with  perceptual  capabilities.  Within  the 
context  of  pictorial  data  analysis,  the  contractor  will  develop 
interactive  strategies  for  distinguishing  between  'figure'  and 
'background'  inforaation.  Work  will  be  directed  at  achieving 
an  autoaatic  scene  aegaentation  of  selection  capability  through 
the  introduction  of  aan-introdueed  contextual  concepts. 

5.  Progress:  A  computer-based  systea  capable  of  recognising  and  representing 

the  shape  of  solid,  three-diaensional  objects  was  developed. 

The  initial  systea  was  rather  rudiaentary,  ao  extensions  and 
iaproveaents  were  aade  in  the  recent  period;  however,  an 
initial  stteapt  at  locating  a  known  object  by  aeans  of  data 
was  successful. 


6.  Reference: 


NATURAL  LANGUAGE  INPUT  FOR  COMMAND  AND  CONTROL  COMPUTER  SYSTEMS 

(JAN  73-TERMINATED) 


1.  Responsible  vOD  organisation:  Offiea  of  Naval  Raaaareh 

Department  of  tha  Navy 
Arlington,  VA  22217 
Attn:  M.  Danicoff 
(202)  696-4303 

2*  Par forming  organisation:  Dartmouth  Collagt 

Dapartmant  of  Mathamatica 
Hanovar,  NH  03755 
Attn:  L.  R.  Harr i a 
(603)  646-2672 

3.  Objactiva:  The  development  of  normal  natural  language  input  to  computara 
and  for  control  of  robot ic-type  device  a.  Thia  taak  has  tha 
goal  of  developing  generalised  techniques  for  providing  natural 
language  and  processing  to  fit  various  applications. 


4.  Approach: 


5.  Progress: 


The  approach  is  to  continue  research  in  natural  language  input 
and  processing  by  developing  techniques  that  will  extend 
current  capabilities  in  the  following  three  areas:  dealing 
with  new  linguistic  phenomena,  performing  a  wider  range  of  post 
processing  of  the  data,  and  interfacing  to  other  data  base 
management  system  structures. 

The  techniques  developed  to  date  were  substantiated  by  a 
successful  installation  of  a  prototype  production  within  an 
industrial  company.  Also,  considerable  progress  was  made  in 
many  sub-system  areas.  These  included:  improvement  to  the 
parser,  pronoun  reference,  post  processing  capability,  dealing 
with  more  structured  data  base  organisations,  and  testing  the 
application  independence  of  the  techniques.  In  the  past  year, 
a  method  for  properly  integrating  the  spelling  checker  with 
the  scanner  and  the  parser  was  developed.  A  mechanism  for 
merging  searching  on  non-key  fields  with  the  DBMS's  search 
capability  was  realised.  Also,  a  solution  for  a  subtle  class 
of  'how  many*  questions  was  designed. 


6.  Reference: 
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KNOWLEDGE  REPRESENTATION  AND  ROBOTICS 
(AUG  80-C0NT) 


1.  Responsible  DOD  Organisation:  Office  of  Naval  Research 

Deportment  of  the  Navy 
Arlington,  VA  22217 
Attn:  M.  Denicoff 
(202)  692-4303 

2.  Perforating  organisation:  University  of  Rochester 

Cooiputer  Science  Department 
Rochester,  NY  14627 
Attn:  J.  A.  Feldman 
(716)  273-5671 

3.  Objective:  in  most  current  artificial  intelligence  research,  goals  are 

only  implicitly  present  in  the  specification  of  the  task.  As 
a  consequence,  the  systems  resulting  from  these  efforts  have 
no  capability  to  reason  about  the  problems  they  arc  trying  to 
solve.  In  addition,  such  'implicit  goal'  approaches  tend  to 
encourage  specific  ad  hoc  aolutions  that  have  no  hope  of  being 
generalised  to  other  problems.  The  technical  objective  of  this 
task  is  to  develop  a  more  abstract  representation  of  goals  than 
previously  employed. 

4.  Approach:  This  research  will  study  the  elucidation  of  flexible,  dynamic 

mechanisms  for  the  exploration  of  goals  and  the  interpretation 
of  their  consequences  in  knowledge-rich  domains.  The  specific 
context  in  vhici.  these  studies  will  be  conducted  include 
natural  language  and  visien,  and  robotics. 

5.  Progress: 


6.  Reference: 


CLUSTERING  AND  PATTERN  RECOGNITION 
(JUL  74-MaR  78) 


1.  Responsible  DOD  orgtniaacion:  Office  of  Navel  Research 

Naval  Research  Laboratory 
Washington,  DC  20375 
Attn:  H.  Rabin 
(202)  767-2964 


2.  Performing  organisation: 


Naval  Research  Laboratory 
Washington,  DC  20375 
Attn:  J.  R.  Slagle 
(202)  767-3850 


3.  Objective:  Build  a  technical  foundation  for  improved  methods  of  automatic 
computer  identification  and  classification  of  signals  such  as 
radar,  scnar,  radio,  etc.  The  long-range  goal  is  to  use  these 
improved  methods  to  supplement  or  replace  human  operators,  thus 
improving  perforvtance  and/or  reducing  cost. 


4.  Approach : 


5.  Progress: 


Test  promising  new  techniques  on  a  variety  of  data  sets  to  see 
hov  veil  they  perform  and  vhat  advantages  and  disadvantages 
each  method  possesses.  A  different  technique  will  be 
investigated  each  year  according  to  the  following  echedule: 
FY78  sequential  pattern  recognition;  Fv79  intrinsic 
dimensionality;  FY80  structural  description  of  patterns; 

FY81  pattern  recognition  by  the  fitting  of  models;  and  FY82 
automatic  mrdel  building. 

During  the  past  year,  work  was  continued  on  a  package  of 
easily-used  computer  programs  for  pattern  recognition  and 
clustering,  called  the  NRL  pattern  recognition  package.  The 
project  was  then  terminated  and  the  funds  distributed  between 
the  robotics  project  (802-48)  and  the  searcher  and  the  alerter 
project  (802‘*';9). 


6.  Reference: 
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ROBOT  MANIPULATOR  TOR  UNDERWATER  EXPLORATION 
(OCT  77-MAR  80) 


1.  Responsible  DOD  orgsnisstion:  Office  of  Nsvsl  Research 

Naval  Research  Laboratory 
Washington,  DC  20375 
Attn:  B.  Wald 
(202)  767-2964 

2.  Performing  organisation:  Naval  Research  Laboratory 

Washington,  DC  20375 
Attn:  J.  K.  Dixon 
(202)  767-5966 

3.  Objective:  Build  a  technical  foundation  for  the  design  of  a  computer- 

controlled  robot  auinipulator  (arm  and  hand)  for  underwater 
exploration.  In  particular,  to  investigate:  (1)  suitable 
sensors;  (2)  computer  programs  which  will  integrate  sensor 
information  and  build  up  a  representation  of  the  environment 
in  the  computer  memory;  (3)  high-level  programs  which  will 
plan  actions  to  carry  out  the  assigned  task;  and  (4)  how  to 
provide  programs  which  can  compensate  for  failures. 

4.  Approach:  Identify  the  alternative  solutions  to  the  above  problems. 

Conduct  experiments  to  compare  the  promising  alternatives.  A 
dry  robot  manipulator  will  be  used  and  the  effects  of  a  wet 
environment  will  be  simulated  as  necessary.  The  programming 
(artificial  intelligence)  aspects  of  the  problem  will  be 
emphasised  rather  than  the  mechanical  aspects. 

5.  Progress:  The  disassembly  program  has  improved.  The  robot  control  system 

has  improved.  Several  reports  and  technical  papers  have  been 
written.  Bugs  in  the  computer  clock  have  been  fixed.  Two 
waterproof  robot  hands  and  a  report  on  sensors  have  been 
delivered  by  a  contractor.  The  disk  unit  is  now  connected  to 
the  computer.  A  paper  was  published.  Another  paper  was 
accepted  for  publication.  Visits  were  Mde  to  all  the  major 
robot  laboratories  in  California.  This  work  is  terminated  due 
to  lack  of  funds. 


6.  Reference: 


LASER  WELDING  AT  NIROP 


1.  Responsible  DOD  organisation:  Naval  Sea  Systems  Command 

Washington,  DC  20362 
Attn:  W.  G.  Brown 
(20?)  692-0298 

2*  Performing  organisation:  Naval  Reaearch  Laboratory 

Code  6391 

Washington,  DC  20375 
Attn:  H.  E.  Wataon 
(202)  767-2622 

3*  Objective.  To  reduce  the  cost  of  welding  heavy  sections  of  mild  steels  in 
simple  configurations  by  developing  the  methods,  processing 
data,  and  equipment  necessary  to  exploit  the  capabilities  of 
Laser  Welding  at  the  Naval  Industrial  Reserve  Ordnance  Plant  in 
Minneapolis,  MN. 

4.  Approach:  An  initial  analysis  will  identify  additional  applications  to 

which  laser  welding  may  be  applied  in  this  project*  The 
criteria  are  that  the  structures  will  be  of  mild  steel  up  to 
1  1/2  inches  thick  and  in  configurations  which  will  allow 
fixturing  such  that  laser  welding  may  be  accomplished  without 
elaborate  guidance  systems*  Tha  analysis  will  also  establish 
the  characteristics  end  specifications  of  the  laser  welding 
equipment.  Equipment  will  then  be  developed,  procured,  or 
adapted  aa  necessary  and  demonstrated  under  this  project. 
Equipment  development  will  anticipate  and  allow  for  the  needs 
of  future  MT  development  projects  involving  NC  control, 
adaptive  control,  heavier  sections,  more  demanding  materials, 
etc.  During  development  of  the  welding  equipment,  development 
of  weld  processing  parameters  will  be  carried  out  using 
available  time  on  the  NRL  Laser  Equipment.  Parameters  will  be 
sufficient  to  allow  implementation  of  the  welding  processes  on 
a  production  basis  on  the  specified  items  at  TMC  upon 
completion  of  the  project. 

5.  Progress: 

6.  Reference:  DNS  00710 
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ARTICULATING  ROBOTICS  FOR  LASER  PROCESS 
(FEB  82) 


1.  Responsible  COD  organisation:  Naval  Material  Command 

Code  MAT  0131F 


2.  Performing  organisation:  Naval  Research  Laboratory 

Material  Science  A  Tech  Division 
Attn:  Mr.  H.  E.  Watson 
(202)  767-2622 

3.  Objective:  Develop  articulating  robotica  that  will  expand  the  cost 

effectiveness  and  utilisation  of  the  laser  system  at  NIROP/ 
MPLS. 

A.  Approach:  A  robotics  system  will  be  developed  to  eperate  a  laser  welder 
which  is  being  fabricated  under  contract.  Operation  of  laser 
welder  by  robotics  will  increase  productivity  and  decrease  cost 
of  welding  operations  at  NIROP/MPLS. 

5.  Progress:  (1)  Let  contract  with  Avco  Everette  Research  Laboratories  to 

develop  requirements  of  robot  forcontrol  of  Avco  laser. 

(2)  Conducted  preliminary  negotiations  with  FMC  which  will 
lead  to  a  contract  for  an  abrasive  grinding  robot. 

(3)  Conducted  comprehensive  study  of  future  robotic  require¬ 
ments  at  FMC,  NIROP. 


6.  Reference: 
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ARTICULATING  ROBOTICS  FOR  LASER-ASSISTED  KETAL  WORKING 


1.  Responsible  DOD  organisation:  Naval  Saa  Systems  Command 

Code  SEA  06 
Washington,  DC  20362 
Attn:  G.  Brown 
(202)  692-19X9 

2.  Performing  organisation:  Naval  Research  Laboratory 

Code  6391 

Washington,  DC  20375 
Attn:  H.  E.  Watson 
(2C2)  767-2622 

3.  Objective:  Enhance  the  Navy's  manufacturing  capability  through  the  use  of 

Robotics,  increasing  the  flexibility  of  the  laser  welding 
system  at  the  Naval  Industrial  Reserve  Ordinance  Plant  (NIROP) 
in  Minneapolis,  MN.  The  robot  will  manipulate  the  laser  beam 
for  welding,  cutting,  glasing,  cladding,  and  surface  beat 
treatment. 

4.  Approach:  Development  of  the  robotie  system  will  involve  the  combinations 

of  the  best  of  existing  technologies  into  a  single  system 
providing  accuracies  which  are  at  least  an  order  of  magnitude 
greater  than  currently  exists.  The  technologies  include: 
robotics,  seam  tracking,  diaplacement  and  angular  control,  and 
computer  and  laser  technology.  Since  the  work  apace  has  been 
identified  as  20  x  20  x  10  feet  and  the  largest  part  identified 
as  a  candidate  for  laser  welding  has  a  diameter  of  16  feet,  the 
most  practical  approach  for  the  structure  of  the  robot  is  a 
bridge  and  trolley  configuration.  The  articulating  arm  will  be 
supported  from  the  trolley  and  the  laser  will  be  directed 
through  the  arm  by  mirrors  located  in  the  joints  of  the  arm  and 
focused  on  the  workpiece. 

5.  Progress:  The  project  was  advertised  in  the  Commerce  Business  Daily, 

27  October  1982.  There  were  approximately  30  responses  to  the 
advertisement.  Copies  of  the  Request  for  Proposal  were  mailed 
29  November  1982.  A  bidders  conference  was  held  st  NIROP  in 
Minneapolis  on  6  January  1983  with  15  companies  in  attendance. 
The  closing  date  for  proposals  was  18  January  1983.  Six 
proposals  were  received  representing  13  companies.  The  review 
of  the  technical  proposal  will  begin  immediately. 

6.  Reference: 


ROBOTIC  SURFACE  PREPARATION  AND  SURFACE  COATINGS  SYSTEMS 


1*  Responsible  DOD  organisation:  Nsvsl  Ship  Systems  Engineering  Station 

U.S.  Navel  Base,  Bldg.  26 
Attn:  T.  Galie 
(215)  755-3277 

2*  Performing  organisation:  Ingalls  Shipbuilding  Corporation 

Division  of  Litton  Industries 
P.0.  Box  149 


3.  Objective:  Conduct  Phases  I,  11,  and  III  and  prepare  a  plan  end 

justification  for  conducting  Phases  IV,  V,  and  VI  of  a  multi¬ 
phase  program  to  develop  two  robotic  systems: 

a)  Surface  Preparation  System  -  an  industrial  robot  designed 
for  implementation  in  shipyard  production  to  clean  and 
prepare  the  hulls  and  sub-assemblies  of  Navy  combatants. 

b)  Surface  Coating  System  -  an  industrial  robot  designed  for 
implementation  in  shipyard  production  to  paint  the  hulls 
end  sub-assemblies  of  Navy  combatants. 

4.  Approach:  The  contractor  shall  conduct  a  structured  analysis  and 

preliminary  design  effort  to  determine  the  technical  and 
economic  feasibility  of  pursuing  a  comprehensive  development, 
test,  and  evaluation,  and  implementation  program  towards  the 
objectives  stated  in  Section  3  above. 

Phase  I  will  consist  primarily  of  the  development  of  the 
Contractor's  Project  Plan. 

Phase  II  will  involve:  (1)  a  stud;  of  the  contractor's  current 
cleaning  and  painting  operations;  (2)  a  synthesis  of  the 
complete  shipyard  operational  characteristics  for  the  robotic 
system(s);  (3)  development  of  a  structured  evaluation  procedure 
including  screening  criteria  and  a  ranking  system  for  selecting 
candidate  commercielly-available  aervoed  manipulators  and 
mobile  platforms;  (4)  a  survey  of  commercial ly-avsilable 
servoed  manipulators  and  mobile  plstforms;  and  (5)  the 
selection  of  best  choice  candidates  for  future  development. 

Phase  III  will  involve:  (1)  the  final  selection  of  the  best 
candidste  commercial  servoed  manipulator  and  commercial 
platform;  (2)  the  preliminary  engineering  design  effort; 

(3)  logistic  planning;  and  (4)  development  of  a  draft  project 
plan  for  Phases  IV,  V,  and  VI. 


5.  Progress: 

6.  Reference: 
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PROPELLER  AUTOMATED  WELDING 


1.  Responsible  DOD  organisation:  Nevsl  !ea  Systems  Command 

Washington,  DC  20362 
Attn:  R.  N.  Wells,  Jr. 

(202)  692-3581 

2.  Performing  organisation:  Philadelphia  Naval  Shipyard 

Philadelphia.  PA 
Attn:  J.  J.  Skorko 
(215)  755-3692 

3.  Objective:  Development  of  a  completely  automated  propeller  finiahing 

center.  Surface  machining  is  accomplished  by  the  Profiler,  an 
NC  milling  machine.  Optical  measurements  of  dimensional 
tolerances  are  accomplished  with  the  Automated  Propeller 
Optical  Measuring  System  (APOMS).  The  APOMS  equipment,  in 
particular,  has  made  possible  the  In-Proceaa  inspections 
required  to  obtain  feedback  for  automating  the  welding  and 
grinding  processes.  The  welding  operations  are  accompliehed 
by  the  vision-assisted  robotic  system  known  as  the  Propeller 
Automated  Welding  System  (PAWS).  This  PAWS  system  is  the 
newest  addition  toe  the  propeller  manufacturing  center.  It  ia 
also  one  of  the  most  advanced  robotic  systems  currently  under 
development  for  the  shipbuilding  industry. 

4.  Approach:  The  Naval  Sea  Systems  Commsnd  has  undertaken  the  development  of 

the  PAWS  under  funding  from  the  Navy  Manufacturing  Technology/ 
Shipbuilding  Technology  (MT/ST)  Program.  The  reault  has  been 
the  assembly  of  a  system  which  uses  3-D  vision  equipment  to 
guide  a  welding  robot  in  the  performance  of  seam  welding  and 
cladding  operations.  The  3-D  Vision  Sensor  provides  the 
feedback  that  is  necessary  for  welding  without  human  interven¬ 
tion  when  the  parts  that  are  to  be  welded  vary  in  position  and 
geometry.  The  welding  operation  ia  further  complicated  because 
of  the  teadancy  to  form  oxides  on  the  weld  puddle  surface. 

5.  Progress:  The  basic  PAWS  system,  as  currently  configured,  may  be  used  for 

seam  welding,  cladding,  and  inspaction  purposes.  Although 
experience  has,  thus  far,  been  gained  only  on  the  GMAW  process, 
it  is  expected  that  only  minimum  efforts  will  be  required  to 
extend  the  system  to  other  processes.  To  date,  the  inspecton 
aspects  of  the  PAWS  aystem  are  used  primarily  to  reject  weld 
operation  when  a  seam  is  too  narrow  or  too  wide  to  be  properly 
welded  and  to  control  weld  parameters  for  seams  in  the 
operating  region.  In  the  future,  the  PAWS  inspection 
capability  will  be  extended  to  post  weld  quality  reports  which 
will  be  integrated  with  APOMS  inspection  reports.  It  should  be 
noted  that  although  the  PAWS  is  still  under  development,  it  has 
already  demonstrated  a  vide  range  of  capabilities. 


6.  Reference:  NAVSEA  Manufacturing  Technology  Project  DNS  00729. 


AUTOMATED  PROPELLER  OPTICAL  MEASUREMENT  SYSTEM  (ATOMS ) 


1.  Responsible  DOD  organ i set ion:  Navel  See  Systems  Command 

Fecllities  A  Equipment  Division  (SEA  07013) 
Washington*  DC  20362 
Attn:  R.  Welle 
(202)  692*3380 

2*  Performing  organisation:  Philadelphia  Navel  Shipyard 

Philadelphia.  PA  19112 
Attn:  R.  Taeeh 
(213)  755*3692 

Objective:  To  develop  a  high-speed  optical  inspection  tool  capable  of 

automaticelly  measuring  ship's  propeller  surfaces  at  a  lover 
cost,  and  provide  the  designer  with  sufficient  or  reliable 
geometry  data  to  validate  the  advance  propeller  design. 
Inspection  of  ship's  propellers  is  nov  performed  manually 
using  templates  and  fairing  rods,  or  vith  the  aid  of  a 
pitchometer.,  Due  to  the  difficulty  of  obtaining  accurate  data, 
only  a  email  percentage  of  the  surface  ia  measured  and 
repeatability  is  not  guaranteed. 

4.  Approach:  Apply  optical  and  software  technology  already  demonstrated  in 

model  propeller  measurement  progress  (Navy  Contract  N00167-79- 
M-2697  dated  5/31/79)  to  the  measurement  of  large  ship's 
propellers.  Determine  optical  sensor  characteristics  and 
inspection  machine  geometry  parameters  that  will  optimise 
accuracy  and  speed  of  measurement.  Define  output  data  format 
for  integration  into  the  Navy  QC  System.  Design,  build,  and 
test  a  prototype  propeller  measuring  system. 

5.  Progress:  Solid  Photography,  Inc.,  has  under  Navy  contract  N00167-79-M- 

2697  dated  5/31/79  measurement  of  model  propeller,  successfully 
demonstrated  the  basic  high-speed  optical  measurement 
technology  required  for  the  inspection  of  large  propellers. 

6.  Reference:  DNS  00718 


AUTOMATIC  ORBITAL  WELD INC  HEADS 


1.  Responsible  DOD  organisation:  Naval  Saa  fyateee  Command 

SEA  07032 

Washington,  DC  20362 
Aten:  R.  Walla 
(202)  692-3580 

2.  Patforming  organisation:  Naval  Ship  Syatana  Enginaaring  Station 

032D 

Philadelphia,  PA  19112 
Attn:  L.  Nobla/M.  S.  Orysh 
(215)  755-3842 

3.  Object iva:  Develop  automatic  welding  heads  that  can  be  used  to  veld  piping 

joints  where  space  restrictions  are  critical:  Economiser  "U" 
band  weld  joints,  economiser  element  tube  to  header  weld  joints 
and  various  hydraulic  system  piping  joints,  etc.  This  equip¬ 
ment  will  be  designed  for  use  where  the  nearest  obstruction  to 
the  weld  joint  is  5/8  inch. 

4*  Approach:  Presently,  all  of  the  on-board  ship  welding  of  piping  systems 
where  apace  restrictions  are  critical  are  welded  with  the 
manual-shielded  mptal  arc  welding  process  and  occasionally  with 
the  semi-automatic  gas  tungsten  arc  welding  process.  Due  to 
the  space  restrictions,  the  fabrication  of  these  weld  joints 
are  time-consuming,  prone  to  repair  cycles  and,  therefore, 
costly.  Ship  forces  have  reported  that  they  experience  a  high 
rejection  and  rework  rate  when  fabricating  piping  joints 
described  above. 

It  ia  planned  to  design,  manufacture,  teat  orbital  welding 
heads,  and  evaluate  the  equipment  performance.  Welding 
procedures  applicable  to  these  orbital  welding  heads  will  be 
developed  and  qualified  by  NAVSSES  032D.  The  automatic  welding 
heads  will  be  attached  to  available  NAVSEA  basic  welding  power 
supply  unit  for  testing  and  for  production  welding;  therefore, 
no  additional  power  source  is  required. 

5.  Progress: 


6.  Reference: 


MOBILE  AUTOMATED  PROPELLER  MEASUREMENT  SYSTEM 


1.  Responsible  BOD  organisation:  Novel  See  Systems  Command 

SEA  07032 

Washington,  DC  20362 
Attn:  R.  Wells 
(202)  692-3580 

2.  Performing  organisation;  TBD 


3*  Objective:  The  objective  of  this  program  is  to  develop,  fsbricste,  and 
deliver  a  mobile  optical  3-D  propeller  measurement  system  to 
provide  rapid  end  precision  measurement  data  on  ships1 
propellers  at  shipyard  facilities,  both  in  drydock  (on  ship) 
and  in  the  repair  shop. 

4.  Approach:  The  system  to  be  developed  under  this  project  will  provide  the 
capability  to  perform  measurements  rapidly  and  accurately  using 
optical  3-D  measurement  techniques.  Measurements  will  be 
performed  aemi-au£omatically  under  computer  control.  The 
computer  will  also  provide  the  required  data  processing  and 
recording  functions  to  enable  on-site  evaluation  of  measurement 
results  and  deviations  from  design  data.  Magnetic  tape 
recording  of  data  will  make  measurement  results  available  for 
detailed  evaluation  by  NSRDC,  NAVSEA,  or  other  Navy  groups. 

The  measurement  equipment  will  be  sufficiently  mobile  such  that 
measurements  can  be  performed  either  in  drydock  (propeller 
mounted  on  ship)  or  in  the  repair  shop.  The  equipment  will 
also  be  transportable  between  shipyards. 

5*  Progress:  Proposed. 

6.  Reference:  DNS  869 


AUTOMATED  SHIP  CHICK  EQUIPMENT 


1.  Responsible  DOD  organisation: 


2.  Performing  orgsnisetion: 


Newel  See  Systems  Commend 

SEA  07032 

Waahington,  DC  20362 
Attnt  R.  Wells 
(202)  692-3580 

TBD 


3.  Objective:  To  obtein  a  rapid  and  semi-automated  means  of  obtaining 

dimensional  and  configuration  data  on  ahipe'  interiors  (ahip 
check  data)  and  of  maximising  the  usefulness  of  this  data  in 
planning  and  ships'  modifications  activities*  In  addition, 
the  proposed  equipment  will  be  useful  for  automatically 
performing  many  measurement  taaks  such  as  determination  of 
eubmarine  hull  roundneas,  which  are  presently  difficult  and 
time-consuming  to  perform. 

4.  Approach:  Ships'  survey  is  now  performed  manually  by  survey  teems  using 

tape  measures  end  paper  and  pencil  recording  techniques. 
Subsequent  conversion  of  this  information  to  ships'  drawings 
involves  time-consuming  and  error-prone  conventional  drafting 
methods.  The  result  is  the  generation  of  volumes  of  drawings 
which  are  expensive  to  generate  and  store,  and  often  limited 
in  usefulness. 

(a)  Determine  the  required  parameters  of  the  on-ship  optical 
survey  equipment  and  data  recording  system,  as  well  as 
the  off-ship  CAD-based  data  processing  system  which  best 
provides  complete  and  useful  ship  configuration  informa¬ 
tion. 

(b)  Establish  the  optimum  means  of  presenting,  manipulating, 
and  storing  ships'  configuration  data  to  best  support 
ship  modification  design  engineering  efforts. 

Based  on  results  of  (a)  and  (b)  above,  design  build,  and  test 
a  prototype  autosuted  ships'  survey  system. 

5.  Progress:  Proposed.  However,  Robotic  Vision  Systems,  Inc.,  has 

successfully  demonstrated  the  ability  to  gather  dimensional 
data  from  ahip  interiors  using  high-speed  optical  measuring 
techniques. 


6.  Reference:  DNS  868 
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NC  MACHINE  TAPE  VALIDATION 


1*  Responsible  DOD  organisation:  Naval  taa  Syateme  Command 

tEA  62C 

Washington,  DC  20362 
Attn:  C.  Brown 
(202)  692-1939 

2*  Performing  organisation:  Ganaral  Elactric  Company 

Ordnanca  Syatama 
100  Plasties  Avanua 
Pittafiald,  MA  01201 
Attn:  D.  A.  Citrin 
(413)  494-3830 

3.  Objective:  To  provida  an  NC  tapa  validation  ayatam  to  raduca  firat-tima 

acrap  from  complex  NC  machining,  to  improva  NC  machine  utilisa¬ 
tion,  to  improva  cycla  tima  for  daaign  changaa,  and  to  provida 
viaual  aida  to  aaaiat  tha  machina  oparatora.  Currant 
validation  of  NC  tapaa  ia  accomplished  by  cutting  a  aampla 
part.  Thia  ia  coatly  and  tima-conauming,  aapacially  whan  the 
part  to  ba  machinad  ia  complax. 

4.  Approach:  A  atap  will  ba  addad  to  tha  NC  driva  tapa  ganaration  procass. 

Thia  atap  will  involva  tha  compariaon  of  tha  anginaaring  daaign 
with  tha  tool  patch  ganaratad  by  tha  NC  program.  To  accomplish 
thia,  a  thraa-dimansional  representation  will  ba  compared 
analytically  to  tha  engineering  data  base.  The  outputs  of  thia 
process  will  include: 

(a)  Paaa/fail  verification  that  the  final  piece  will  meat 
tha  tolarancaa  apacified  in  tha  anginaaring  data  base. 

(b)  Viaual  feedback  of  NC  tool  path  for  tool  optimisation 
and  interfaranca  da termination. 

5.  Progress:  Proposed. 

6.  Reference:  DNS  00803 


ROBOTIC  ABRASIVE  CUTTING  AT  NIROP 


1.  Responsible  t>OD  organization:  Naval  S«a  Systems  Command 

SEA  62C5 

Washington,  DC  20352 
Attn:  W.  G.  Brown 
(202)  692-1425 

2.  Performing  organization:  FMC  Corporation 

Northern  Ordnance  Diviaion 
4800  E.  Rivar  Road 
Minnoapolia,  MU  55421 
Attn:  D.  M.  Brazya 
(612)  571-9201,  axt.  2161 

3.  Objactivc:  Reduce  the  coat,  aafety  hazarda,  and  production  lead  tinea 

aaaociated  with  abraaive  cutting  operations  on  light  and  haavy 
aectiona  of  ateel  and  aluminum  alloya  by  the  uae  of  robotic 
technology  at  Naval  Induatrial  Reaerve  Ordnance  Plant, 
Minneapolis. 

4.  Approach:  Develop  nethoda,  proceaaing  data,  equipment,  and  metallurgy 

necessary  to  exploit  the  inherent  capabilities  of  robots  in 
hersh  industrial  environments,  including  the  use  of  sensory- 
mobile  robots.  Equipment  and  material  science  process  develop 
ment  would  anticipate  and  allow  for  the  needs  of  future  Manu¬ 
facturing  Technology  development  projects  involving  DNC 
control,  adaptive  control,  material  handling  of  heavier  and 
more  complex  sections,  new  alloya,  more  severe  environments, 
etc.  During  development  of  the  robotic  equipment,  development 
of  sensory-mobile  robot  operating  parameters  would  be 
determined  through  quantitative  analysis  and  actual  operation 
of  a  modified  version  of  state-of-the-art  robotic  equipment 
at  Battelle-Columbus  Laboratories'  facilities.  Parameters 
would  be  sufficient  to  allow  implementation  of  the  sensory- 
mobile  robot  fabrication  processes  on  a  production  basis  on 
the  specified  items  at  NIROP,  Minneapolis. 

5.  Progress:  Proposed. 

6.  Reference:  DNS  00813 
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ROBOTIC  PIPE  FABRICATION  WORK  CENTER 


1.  Responsible  DOD  organisation: 


2.  Performing  organisation: 


Naval  Sea  Systems  Command 
SEA  0354 

Washington,  DC  20362 
Attn:  T.  Draschil 
(202)  697-2432 

Newport  News  Shipbuilding  and  Dry  Dock 
Company 

4101  Washington  Avenue 
Newport  News,  VA  23607 
Attn:  G.  J.  Snyders 
(804)  380-3857 


3.  Objective: 


Develop  a  pipe  fabrication  work  center  utilizing  robots  for 
marking,  cutting,  fitting,  and  welding  pipe  details. 


4.  Approach : 


The  current  procedures  for  most  ship  construction  operations 
are  based  on  manual  methods  or  control.  Cutting,  grinding, 
abrasive  cleaning,  painting,  and  welding  operations,  as 
applied  to  shipbuilding,  although  lending  themselves  to 
computerised  or  numerical  control  methods,  have  not  kept  pace 
with  the  technological  advances  in  other  manufacturing  areas. 
Operations,  such  as  sandblasting  and  painting,  provide 
hazardous  ervironments  for  manual  operations.  Cutting, 
grinding,  and  welding  operations,  although  not  done  on  an 
assembly  line  basis,  are  essentially  repetitious  and  require 
time-consuming  set-up  and  handling. 

Develop  a  work  center  utilizing  robots  interfaced  with  the 
existing  computer-aided  design  and  manufacturing  system 
(CAPDAMS)  or  a  similar  system  to  manufacture  pipe  details. 

The  system  will  consist  of  two  robots,  a  positioner  and 
associated  cutting  and  welding  equipment  to  accomplish  most 
operations  in  manufacture  of  pipe  detail  at  one  work  station, 
resulting  in  a  decrease  in  manufacturing  time.  Improved 
accuracy  and  consistency  of  such  a  system  will  also  decrease 
lost  time  due  to  rejects  and  rework. 


m 


5.  Progress:  Proposed  only. 

6.  Reference:  JM854 
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CMC/ROBOTIC  STRUCTURAL  SHAPE  PROCESSING  SYSTEM 


1.  Responsible  DOD  organisetion:  Naval  Sea  Syatetaa  Commend 

SEA  05R23 

Washington,  DC  20362 
Attn:  T.  Draschil 
(202)  697-2432 

2.  Performing  organisation:  Bath  Iron  Works  Corporation 

700  Waahington  Street 
Bath,  ME  04530 
Attn:  R.  J.  Bellonsi 
(207)  443-3311,  ext.  2709 

3.  Objective:  To  develop,  install,  and  demonstrate  a  prototype  CNC/Robotic 

manufacturing  center  to  accomplish  all  required  cutting  and 
marking  of  ateel  and  aluminum  ahip  structural  ahapes  (angles, 
tees,  channels,  etc.). 

4.  Approach:  Production  of  ship  structural  components  (longitudinal 

stiffeners,  etc.)  is  a  documented  low  technology,  highly 
labor  intensive  operation.  Individual  pieces  are  manually 
defined,  marked  and  cut  with  hand-held  flame  torches,  and 
inefficiently-handled  multiple  times. 

Basie  feasibility  of  an  industrial  robot  (1)  cutting  3-D  with 
a  plasma  torch;  (2)  achieving  repeatable  accuracy /positionir® 
vs.  raw  material  up  to  50'  long;  and  (3)  teing  efficiently 
programmed  and  controlled  in  a  CNC  mode  will  be  determined 
through  a  related  PY81,  NAVMAT-sponaored  R&D  effort  at  BIW. 
This  project  will  implement  and  demonstrate  the  first  actual 
application  of  this  new  technology. 

5.  Progress : 

6.  Reference:  DNS  50001 


ROBOTIC  PRODUCTION/ASSEMBLY  OF  BLASTING  CAPS 


1.  Responsible  DOD  organization:  Nsvsl  See  Systems  Command 

Nenufecturing  Technology  Office 
Code  05R2 

Washington,  DC  20362 
Attn:  H.  B.  Byron 
( 202)  697-2432 

2.  Performing  organization:  TBD 


3.  Objective:  To  develop  and  implement  robotic  equipment  and  techniques  for 

the  production  of  RF&E  (radio  frequency  and  electrostatic) 
resistant  blasting  caps,  squibs,  and  detonators,  in  order  to 
improve  productivity,  increase  safety,  and  lover  unit  prices. 
Current  issue  blasting  caps  and  squibs  are  not  protected 
against  stray  RF  energy  and  do  not  contain  electrostatic 
protection.  The  likelihood  of  accidents  from  either  source  is 
high  end  service  personnel  are  prohibited  from  using  these 
devicjes  in  certain  locations. 

4.  Approach:  New  RF&E  resistant  blasting  caps  and  squibs  designed  to  resolve 

these  problems  have  been  produced  in  limited  quantities  and  are 
currently  undergoing  HERO  (Hazards  of  Electro-Magnetic 
Radiation  to  Ordnance)  certification  and  safety  testing.  The 
current  price  of  the  units  is  $14.90.  The  cost  is  high  because 
of  hand-winding  required  in  the  ferrite  choke,  hand-welding  of 
very  small  parts,  and  critical  operations,  such  as  manual 
remote  control  positioning  of  parts  in  the  blasting  cap  body. 

Semi-automatic  equipment  and  robotic  processes  will  be 
developed  which  are  compatible  with  design  requirements  and 
will  produce  and  assemble  the  parts.  The  first  effort  will  be 
to  lover  the  cost  of  winding  the  ferrite  choke  and  packaging  it 
with  other  components  into  a  pre-assembled  unit  ready  for 
insertion  into  the  blasting  cap.  The  second  effort  will  be  to 
develop  equipment  to  assemble  the  final  configuration  of  the 
blasting  cap.  Both  of  these  efforts  will  be  accomplished  by 
designing,  building,  and  testing  production  scale  semi¬ 
automatic  equipment.  Robotic  equipment  is  necessary  due  to  the 
danger  associated  with  assembly  of  energetic  materials.  A  two- 
year  effort  is  anticipated. 

5.  Progress:  Proposed. 

6.  Reference: 
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LASER  CONTROLS  TO  UPDATE  HORN  MACHINE  TOOLS 


1.  Responsible  DOD  orgenisetion:  Nevel  See  Systems  Commend 

SEA  03542 

Weshington,  DC  20362 
Attn:  H.  B.  Byron 
(202)  697-2432 

2.  Performing  orgenisetion:  FMC  Corporation 

Northern  Ordnance  Division 
4800  East  River  Road 
Minneapolis,  MN  55421 
Attn:  R.  P.  Veldt 
(612)  560-9201,  ext.  572 

3.  Objective:  To  improve  precision  machining  capability  of  worn  machine 

tools  by  means  of  a  laser  interferometer  tool-position 
indicator. 


4.  Approach:  NAVSEA  has  several  hundred  elephant  machine  tools  (vertical 

and  horisontal  boring  machines:  jig  bores,  planers,  slotters, 
etc.)  that  are  used  in  Navy  facilities  and/or  contractor-owned 
or  operated  facilities  to  manufacture  and/or  overhaul  naval 
ordnance  and  ship  propulsion  equipment.  Most  of  these  tools 
are  circa  1941-45  and  form  the  largest  percentage  of  the  Navy's 
large  machining  industrial  base.  Lucas  Company  has  built  and 
sold  several  new  precision  machine  tools  equipped  with  an  LI 
measurement  system  in  addition  to  their  standard  digital 
controller.  However,  there  has  been  no  known  retrofitting  of 
older  worn  machine  tools  with  LI  systems.  This  project  would 
utilize  conmercially  available  Lis  to  restore  accurate/ 
precision  machining  capability  to  these  elephant  tools,  enable 
operators  to  compensate  for  machine  wear,  and  considerably 
reduce  swchine  set-up  time. 

Contractor  would  develop  specifications  and  procure  a  4  axis 
(one  X,  two  Y,  one  Z)  LI  measurement  system.  Install  the 
system  or.  a  Navy-owned  machine  tool  at  Naval  Ordnance  Station, 
Louisville,  KY. 

5.  Progress:  Proposed.  However,  NAVSEA  06G2  has  been  working  with  the 

National  Bureau  of  Standards  (NBS)  to  develop  a  low-cost  laser 
interferometer  with  a  projected  cost  of  IK  each  -  which  looks 
promising  for  some  Machine  tool  applications. 

6.  Reference:  DNS  00658 
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OBSOLETE  PARTS  REPLICATION 


1.  Responsible  DOD  organisation:  Naval  Saa  Systems  Command 

8EA  07032 

Washington,  DC  20362 
Attn:  R.  Walls 
(202)  692-35B0 

2.  Performing  organisation:  TBD 


3.  Objective:  To  significantly  reduce  the  time  and  cost  associated  with  the 

manufacture  of  failed  obsolete  parts  through  the  use  of 
optical  3-0  inspection  of  the  original  part  and  conversion  of 
the  part  data  into  numerical  control  machining  instructions  in 
a  CAD/CAM  system. 

4.  Approach:  Present  methodology  used  in  replication  of  failed  parts  for 

which  drawings  no  longer  exist  requires  laborious  manual 
measurement  of  the*- original  part,  creation  of  a  part  drawing 
based  upon  these  measurements,  and  subsequent  machining  of  a 
new  part  from  this  drawing.  The  overall  process  is  time- 
consuming  and  costly,  and  requires  increasing,  unavailable, 
high-skilled  labor. 

The  emerging  capability  of  automated  machining  based  upon 
CAD/CAM-generated  machining  instructions  provides  the  potential 
for  automated  part  replication.  The  full  realisation  of  this 
potential  is  predicated  on  the  ability  to  efficiently  create  a 
mathematical  model  of  the  original  part  in  the  CAD/CAM  system. 
The  proposed  system  provides  this  model  by  digitising  the  3-D 
surface  contours  of  the  original  part  using  automated  optical 
3-D  measurement  techniques  and,  with  the  interactive  aid  of  the 
CAD/CAM  operator,  reduce  the  raw  data  base  thus  created  to  a 
simplified  geometric  model  of  the  original  part.  The  proposed 
system  stakes  maximum  use  of  hardware  which  presently  exists  in 
Navy  inventory  or  is  being  developed  for  the  Navy  under  other 
contracts. 

5-.  Progress:  Proposed.  The  APOMS  (Automated  Propeller  Optical  Measurement 

System),  which  will  provide  the  part  measurement  capability 
for  the  proposed  system,  is  present’.v  under  development  by 
RVSI  under  Navy  contract  number  N00140-80-C-0892. 

6  Reference:  S70004 
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ADAPTIVE  SEAM  AUTOMATED  WELDING  SYSTEM 


1.  Responsible  DQD  organisation:  Navel  See  Systems  Command 

SEA  07032 

Washington,  DC  20362 
Attn:  E,  Wells 
(202*  692-3580 

2.  Performing  organisation:  Philadelphia  Naval  Shipyard 

Philadelphia,  PA  19112 
TBD 


3.  Objective:  To  develop,  fabricate,  and  danonstrate  an  adaptive  seam 

welding  system  which  will  significantly  enhance  the 
productivity  and  weld  quality  associated  with  automated 
(robotically  manipulated)  welding  systems. 

4.  Approach:  Under  this  program,  a  welding  "end  effector"  for  a  robotic 

manipulator  will  be  developed  which  will  provide  the  adaptive 
capabilities  deficient  in  present  automated  welding  systems. 

The  "end  effector"  will  conaist  of  a  weld  torch  with  self- 
contained  vernier  positioning  capability  sufficient  to 
compensate  for  the  minor  seam  variations  cited  above.  Vernier 
control  will  be  provided  by  a  3-D  vision  capability  on  the  end 
effector  which  will  sense  the  seam  variations  in  advance  of  the 
instantaneous  torch  position  and  thereby  dynamically  adjust  the 
torch  position  to  follow  seam  center,  optimise  weave  patterns, 
and  maintain  corract  arc  length.  In  addition,  a  sensor  will  be 
provided  to  observe  the  weld  characteristics  behind  the  torch 
position  to  sense  seam  "fill."  Data  from  this  sensor  will  be 
used  to  dynamically  control  weld  system  parameters  for  optimal 
maintenance  of  seam  fill.  Vision  data  processing  and  control 
functions  will  be  provided  by  a  mini-computer. 

5.  Progress:  Proposed.  NAVSEA  is  under  contract  with  Robotic  Vision 

Systems,  Inc.,  to  provide  automated  seam  welding  of  ships' 
propellers  using  a  robotic  weld  torch  manipulator  and  3-D 
vision  for  seam  position  location  prior  to  welding.  The 
adaptive  seam  welding  concept  to  be  developed  under  the 
program  herein  is  an  extension  of  these  efforts  to  the 
general  aeam  welding  problems  experienced  by  the  Navy. 

6.  Reference:  S70000 
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AUTOMATED  FUSION  HELD  INSPECTION 
(JAN  El -SEP  83) 


1.  Responsible  DOD  organisation:  Naval  Sea  Systems  Command 

Material  end  Mechanics  Division 
Wasl  '.ngton,  DC  20362 
Attn:  H.  N.  Byron 
(202)  692-2432 

2.  Performing  organisation:  Naval  Ocean  8yatema  Center 

Electronics  Engineering  end  Sriences 
Department 

San  Diego,  CA  92152 
Attn:  J.  S.  Marks 11 
(714)  225-7136 

3.  Objective:  To  develop  end  implement  into  the  cruise  missile  production 

line  an  automated  fusion  veld  inspection  station  that  vill 
reduce  the  recurring  time  associated  vith  the  present  Mnual 
operation  and  increase  throughput  of  missile  body  sections. 

4.  Approach:  The  technical  objective  of  this  effort  vill  be  met  by 

awchanising  end  automating  the  present  manual  inspection 
operation  utilising  an  industrial  robot.  The  robot  vill 
position  the  x-ray  source  and  a  motorised  assembly  cart  vill 
position  the  cruise  missile  body  sections.  There  vill  be  tvo 
systems  implemented  into  production.  The  second  system  vill 
include  e  computer-controlled  film  manipulator  and  filmless 
inspection  equipment  (i.e.,  imaging  system). 

5.  Progress:  None.  Nev  project. 


6.  Reference: 


REMOTE  VISION  SYSTEM  FOR  ROBOT  PROGRAMMING 


1.  Responsible  DOD  organisation:  Navel  Materiel  Consnand 

Washington,  DC  20360 
Attn:  J.  Mclnnis 
(AV)  222-6850 

2.  Performing  organisation :  Naval  Ocoan  Systems  Center 

Sen  Die;o,  GA  02152 
Attn:  Dr.  A.  Gordon 
(AV)  933-6686 

3.  Objective:  To  establish  the  generic  technology  capability  to  integrate  the 

elements  of  an  automated  ship  welding  system.  Specifically  to 
design,  develop,  fabricate,  and  cast  a  remote  vision  system  and 
integrate  it  with  a  robotic  ship  welding  system.  This  inte¬ 
grated  system  will  be  used  to  demonstrate  robotic  shipyard 
welding  under  remote  control.  Such  a  capability  will  result  in 
significant  cost  reduction  in  the  fabrication  of  ships. 

4.  Approach:  Develop  the  ability  to  remotely  guide  a  robot  arm  under  the 

control  of  a  human  operator  located  outside  of  the  arm's 
operating  envelope.  The  control  portion  of  this  capability 
already  exists  in  the  form  of  remote  controller  boxes  supplied 
by  the  robot  vendors  or,  at  a  more  advanced  level,  through 
remote  joystick  controllers.  What  is  currently  lacking  is  a 
precise  visual  feedback  system  to  allow  a  remote  operator  to 
visualise  the  end  effector  in  relation  to  the  workpiece  and 
desired  spatial  path.  Similar  problems  have  been  encountered 
in  the  use  of  remote  manipulators  underwater.  These  problems 
have  been  solved  at  NOSC  through  the  use  of  in-house  designed 
remote  '.ereoscopic  television  systems.  It  is  proposed  to 
adapt  u.'-is  technology  and  integrate  such  a  vision  system  with 
a  robotic  arm. 

The  capability  to  be  developed  during  this  program  will  be 
introduced  in  a  series  of  phased  demonstrations.  Immediately 
after  laboratory  development,  the  remote  vision  system  will  be 
integrated  with  a  Cincinatti  Millicron  T-3  arm  and  the  SRI 
International  joystick  controllers.  The  system's  welding 
capability  will  be  evaluated  under  laboratory  conditions. 
Results  from  »■*'*  evaluation  will  be  used  for  a  final  modifi- 
c»t’>r.  i  opt  system  parameters,  if  necessary.  Model 
shipyard  testing,  perhaps  in  conjunction  with  a  manufacturing 
technology  IR&D  effort,  will  evaluate  the  remote  vision 
capability  in  a  shipyard  production  environment.  Complete 
specification  and  docustentation  of  this  system  will  then  allow 
its  final  impler-n^ation  as  a  production  system. 

5.  Progress: 

6.  Reference:  DNS  50029 
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KNOWLEDCE-BASED  WELDING  SYSTEM  FOR  SHIP  CONSTRUCTION 


1. 


2. 


3. 


4. 


5. 


Responsible  POD  organisation:  Naval  Material  Command 

Washington,  DC  20360 
Attn:  J.  Mclnnis 
(AV)  222-6850 


Performing  organisation:  Naval  Ocean  Systems  Center 

San  Diego,  CA  92152 
Attn:  S.  Harmon 
(AV)  933-2083 


Objective:  To  establish  generic  processing  technology  necessary  to 

integrate  the  elements  of  an  automated,  low  coat  ship  welding 
system.  Specifically,  the  sensory  information  signal  inter¬ 
polation  capability  for  adaptive  control  of  automated  ship 
wsldins  will  be  established  and  integrated  with  a  total  weld 
system. 

Approach:  Concepts  for  robot  viaion  and  robot  control  for  welding 

operations  are  presently  being  explored  by  several  research 
groups.  These  concepts  can  be  integrated  through  a  knowledge- 
baaed  planned  system.  Robot  vision  systems  transform  raw 
signal  input  into  a  more  refined  form  of  information.  The  most 
advanced  viaion  systems  can  deliver  descriptions  of  observed 
ecenes  in  terms  of  identity,  position,  and  orientation  of  major 
surfaces  of  a  given  scene.  This  information  must  then  be 
integrated  with  other  sensor  information  including  human  advice 
and  with  the  desired  goals  for  the  welding  operation  to  produce 
an  assessment  of  the  specific  actions  required  of  the  robot  to 
accomplish  the  task.  This  can  be  done  using  inference  network 
reasoning  techniques  which  have  been  developed  for  and  demon- 
atrated  in  expert  systems  for  various  applications. 

Progress:  The  knowledge  management  system  will  be  implemented  on  a  high- 

performance  microprocessor  in  a  language  such  as  Pascal,  ADA, 
LISP,  or  PROLOG  depending  upon  availability.  A  welding  robot 
will  be  acquired  from  a  commercial  source  and  implemented  as 
the  beginning  of  the  pilot  system.  The  sensor  and  control 
project  developments  will  be  integrated  with  the  knowledge 
management  system  and  welding  robot.  Specific  practical 
welding  tasks  will  be  chosen  and  demonstrated  in  a  ship 
production  mode. 


Reference:  DNS  50030 


F-40 


v‘- 


Supervisory  control  of  teleoperator  and  vehicle  systems 

(FEB  82) 


1.  Responsible  DOD  organisation ;  Off lea  of  Naval  Raaaarch 

Psychological  Sciancaa  Division 


2*  Perforating  organisation:  Naval  Ocaan  Systems  Cantar 

Oca an  Technology  Department 
Attn:  Mr*  P*  J.  Hackman,  Jr. 

(714)  225-6686 

3.  Objective:  Provide  technical  support  for  an  ONR-aponsored  research  program 

being  conducted  at  the  MIT  Man-Machine  Systems  Laboratory  on 
computer-aided  supervisory  control  of  teleoperators  and  vehicle 
syatama.  The  goal  is  to  teat  models  of  operator  performance 
and  to  demonstrate  supervisory  control  concepts  in  a  research 
testbed  for  advanced  underwater  teleoperator  systems  at  NOSC. 

4.  Approach:  Based  upon  theories  of  semi-autonomoua  control  and  models  of 

operator  performance  developed  under  ONR-aponsored  research  at 
MIT,  design  concepts  are  formulated  for  computer-aided 
auperviaory  control  of  an  advanced  untethered  submersible  and 
dexterous  remote  manipulator.  Distributed  control  algorithms, 
computer  software,  and  operator-computer  interfaces  are 
designed  and  implemented  in  a  research  testbed.  In 
collaboration  with  the  MIT  research  team,  investigations  are 
conducted  in  the  laboratory  and  under  field  conditions  to 
validate  models  of  operator  performance,  test  theories  of 
supervisory  control  and  demonstrate  computer-aided  control 
concepts  using  the  research  testbed  for  an  advanced  untethered 
submersible. 

5.  Progress:  Under  IR/IED  sponsorship,  NOSC  has  completed  design, 

development,  and  fabrication  of  an  advanced  computer- 
controlled  underwater  manipulator.  In  cooperation  with  MIT, 
distributed  control  algorithms,  computer  software,  and 
operator  computer  interfaces  have  been  designed.  The  software 
has  been  integrated  INTOAN  LSI  11/23  computer  and  preliminary 
auperviaory-controlled  experiments  have  been  completed  in  the 
air. 


6.  Reference: 


ADVANCED  TECHNOLOGY  APPLIED  TO  MS NAP 
(FEE  62) 


1.  Responsible  DOD  organisation:  Naval  Saa  Systems  Command 

FMS  37? 

Attn :  Larry  Benam 


2.  Performing  organisation:  Naval  Ocean  Sy a terns  Center 

Environmental  Sciences  Department 
Attn:  Dr.  R.  L.  Pepper 
(808)  254-4409 

3.  Objective:  Systematically  investigate  and  idantify  the  technology 

advances  which  are  currently  available  to  enhance  fleet 
logistics  support  missions* 

4.  Approach:  Develop  an  integrated  taak  plan  to  explore  the  utilisation  of 

merchantahips  for  supply,  troop  transport,  hospital  services, 
and  the  emergency  utilisation  of  small  auxiliaries. 
Systematically  identify  the  tradeoff  between  capital  intensive 
and  labor  intanaiva  components  of  MSNAP  equipment.  Determine 
potential  improvements  in  reliability  and  reduction  in  quality 
and  .quantity  of  suinpower  costa  aa  a  result  of  applying 
automation  and  artificial  intelligence  in  these  areas. 

Initiate  the  development  of  a  merchant  ship  crew  augmentation 
system  with  empha. is  on  the  application  of  research  findings 
upon  minimum  space  :ilisation  and  coaqmter-controlled  ration 
preparation  and  delivery. 

5.  Progress:  Task  plan  for  technology  support  for  UNREP  mission  has  been 

developed.  Evaluation  model  and  performance  criteria  are  in 
initial  design  stage.  Information  collection  and  observation 
of  UNREP  manpower  and  training  problem  areas  have  begun. 

6.  Reference: 
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ADVANCED  TECHNOLOGY  TO  AID  FUST  READINESS 
(FEB  82) 


!•  Responsible  DOD  organisation:  Naval  Sat  Systems  Coamand 


2.  Performing  organisation:  Naval  Ocaan  Systems  Cantar 

Bnvironaantal  Sciancaa  Department 
Attn:  Dr.  R.  L.  Pappar 
(808)  2 54-4409 

3.  Objaetiva:  Prepare  concepts  for  incorporating  artificial  intelligence 

(Al)|  talaoparator,  and  robotic  technology  in  the  fleet 
logistics  prograa  to  ainiaisa  ship  sisa. 

4.  Approach:  Survey  and  incorporate  artificial  intelligence  concepts  with 

ongoing  talaoperator  technology  efforts  to  establish  directions 
and  concepts  for  huaan  supervision  of  groups  of  teleoperator 
machine*  for  logistics  tasks  such  as  aaintenance,  horisontal, 
and  vertical  aoveaent  of  cargo,  and  food  handling  end  prepara¬ 
tion. 

5.  Progress:  (1)  Al  survey  initiated  to  determine  potential  utilisation 

in  logistics  aisaion.  Report  in  preparation. 

(2)  Survey  of  research  literature  for  personnel  support 
subsystems  in  process.  Preliminary  report  of  state-of- 
industry  equipment  in  food  handling  and  preparation  in 
draft  form. 

(3)  Visual  display  requirements  analysis  on  heavy  lift  and 
vertical  aaterial  handling  equipment  initiated. 

6.  Reference: 
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AUTOMATED  FUSION  WELD  INSPECTION 
(FEB  82) 


1.  Responsible  DOD  organisation:  Naval  Saa  Syataaa  Coanand 

Matariala  S  Mechanics  Diviaion 


2.  Performing  organisation:  Naval  Ocaan  Syataaa  Cantar 

Elaetronica  Enginaaring  A  Scianeaa  Dapt. 
Attn:  J*  S.  Ha r kail 
(714)  225-7136 

3.  Objactiva:  To  davalop  and  iaplaaant  into  tha  cruiaa  aisaila  production 

lino  an  autoaatad  fuaion  void  inapaction  atation  that  will 
raduca  tha  racurring  time  asaociatod  with  tha  praaant  manual 
oparation  and  incraaaa  throughput  of  missile  body  sections. 

4.  Approach:  Tha  tachnical  objactiva  of  thia  affort  will  ba  met  by 

mechanising  and  automating  tha  praaant  manual  inapaction 
oparation  utilising  an  industrial  robot.  Tha  robot  will 
position  tha  x-ray  sourca  and  a  aotoriaad  assembly  cart  will 
position  tha  cruiaa  aiaaila  body  aactiona. 

i 

5.  Prograss:  A  contractor's  proposal  package  haa  baan  reviewed  and  forwarded 

to  NR CO  for  processing. 

6.  Reference: 


A  DEMONSTRATION  OF  AUTONOMOUS  ROBOTICS  TECHNOLOGY 
(OCT  80-SEP  81) 


1.  Responsible  DOD  orgsnisstion:  Nevel  Msterisl  Contend 

Director  of  Laboratory  Programs 
Washington,  DC  20360 
Attn:  Dr.  H.  L.  Blood 
(714)  225-7275 

2.  Performing  orgsnisstion:  Nevel  Oeeen  Systems  Center 

Systems  Depertment 
Sen  Diego.  CA  92152 
Attn:  S.  Y.  Hermon 
(714)  225-2083 

3.  Objective:  Develop  end  demonstrete  concepts  which  will  permit  the 

reel isst ion  of  completely  autonomous  systems  which  cen 
function  in  complex  unstructured  tesk  environments. 

4.  Approech:  Softwere  will  be  designed  for  the  computer  control  system  of 

en  existing,  remotely  controlled  submersible  vehicle  to  eneble 
thet  vehicle  to  perform  en  oceen  seerch  tesk  eutonomously  in  en 
ectuel  oceen  environment.  The  softwere  design  will  be 
approached  through  en  edeptetion  of  existing  system  softwere 
design  methodology.  This  methodology  involves  the  systematic 
definition  of  the  necesssry  components  of  the  robot's  knowledge 
structure  es  well  es  the  coupling  between  those  components. 
These  concepts  integrate  major  ideas  from  the  technical 
disciplines  by  automatic  control  theory,  artificial  intelli¬ 
gence,  computer  communications,  end  modern  real-time  operating 
eystem  design. 

5.  Progress:  None.  New  project. 


6.  Reference: 


ARTIFICIAL  INTELLIGENCE  FOR  NAVAL  APPLICATIONS 
(FEB  82-CONT) 


I.  Responsible  DOD  organisation :  Naval  Surface  Weapons  Center 


2.  Performing  organisation:  Naval  Surface  Weapons  Center 

Attn:  J.  Scarsello 
(202)  394-2467 

3.  Objective:  Explore  and  develop  artificial  intelligence  technology  and 

concepts  and  apply  them  to  specific  Navy  problems. 

4.  Approach:  Eight  research  tasks  in  the  areas  of  fundamental  limits, 

natural  language  understanding,  AI  for  pattern  recognition  for 
target  identification,  and  classification  are  being  pursued  for 
specific  personalised  testbed  areas  in  order  to  develop  the  Al 
technology  involved. 

5.  Progress:  This  is  a  new  start. 

6.  Reference: 
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COMPUTER-AIDED  MANUFACTURING 
(AUG  81-CONT) 


1.  Responsible  D0D  organ  lest ion:  Navel  Sea  Systems  Command 

SEA  03R23 


2.  Performing  organisation : 


Naval  Surface  Weapons  Center 

Attn:  T.  R.  McKnight 
(202)  394-3256 


3.  Objective:  Provide  technical  expertise  and  management  services  in  the 
identification  and  application  of  technology  to  improve  the 
acquisition  of  Navy  ships  systems. 


4.  Approach: 


5-  Progress: 


Investigate  current  state-of-the-art  in  robotics  technology, 
intercttive  graphics  technology.  Automated  inspection 
techniques,  automated  materials  handling,  signal  processing 
and  computer-aided  fabrication  techniques. 

Interim  reports  have  been  presented  to  NAVSEA.  Final  report 
is  being  completed. 


6.  Reference: 


HYDRAULIC  ROBOT  (HT(3)) 
(FEB  82-CONT) 


1.  Responsible  DOD  organisation :  Nsvel  Surface  Weapons  Canter 


2.  Performing  organisstion:  Cincinnati  Milacron  Mark  Company 

Attn:  S.  Dhingra 
(201)  560-1800 

3.  Objective:  Provide  the  Naval  Surface  Weapons  Center  vith  an  HT(3)  robot 

This  work  supports  agency  accession  DN185116. 

4.  Approach:  Deliver  to  NSWC. 

5.  Progress:  Robot  to  be  delivered  no  later  than  March  1983. 


6.  Reference: 


SHIPBOARD  ROBOTICS  FOR  OEW  REDUCTION  AND  SYSTEM  CONTROL 

(JUL  73-JUN  74) 


1.  Responsible  DOD  organisation:  Naval  Ship  RAD  Cantar 

Bethesda,  MD  20034 
Attn:  A.  Povall 
(202)  227-1628 

2.  Performing  organisation:  Naval  Ship  R&D  Center 

Computation  A  Math  Department 
Bathaada,  MD  20034 
Attn:  J.  Carlbarg 
(202)  227-1889 


3.  Objective:  To  invastigata  and  evaluate  the  employment  of  artificial 
intelligence,  automation,  robotics,  and  computer-related 
control  techniquea  aboard  ships  to  facilitate  and  promote 
affective  craw  reduction  and/or  improve  and  enhance  ahip 
performance  and  capabilities. 


4.  Approach:  Maintain  and  extend  knowledge  of  existing  theories  of 

pattern  recognition  and  artificial  intelligence  techniquea. 
Visit  and  maintain  technical  exchange  with  DOD  contractors 
(S.R. I. ;  M. I.T. )  involved  in  robotics  and  artificial  intelli¬ 
gence  research  and  development.  Establish  technical  contact 
with  the  fleet  through  the  NSPDC  fleet  liaison  officer  and 
maintain  liaison  through  extensive  onboard  visits  and 
acquaintance  with  training  and  operating  procedures.  Establish 
and  maintain  cooperation  with  project  office  for  ship 
automation  and  reduced  manning  (Propulsion  and  Auxiliary 
Systems  Department,  Code  27,  NSRDC,  Annapolis)  to  expose 
theoretical  developments  in  A.  I.  to  real  applications.  Select 
a  particular  operational  functional,  such  as  enemy  avuic-nce, 
underwater  scene  sensing  or  description,  or  special  autoamted 
control  systems,  as  an  area  where  further  research  will  bear 
tangible  results. 

5.  Progress:  (April-June  1974)  Report  being  typed,  include*.  (1)  organi¬ 

sational  summary;  (2)  simulation  specifications  relating  deg 
(destroyer  escort)  mission  areas,  watch  organisation, 
personnel  liats  to  task  performance,  and  (3)  recommendations 
for  further  work  in  manning  reduction  for  administration, 
equipment  management,  and  damage  control.  Work  to  continue 
under  NAVSEA  6.1  funds. 


6.  Reference: 


NSRDC  ROBOTICS  PROGRAM 


1.  Responsible  DOD  organisation;  David  Taylor  Naval  Ship  Research  and 

Development  Center 
Bethesda,  MD  20084 
Attn:  Mr.  J.  Sheehan 
(202)  227-1285 

2.  Performing  organisation:  David  Taylor  Naval  Ship  Research  and 

Development  Center 
Bethesda,  MD  20084 
Attn:  Mr.  R.  Jenkins 
(202)  227-1363 

3.  Objective:  Implement  an  NSRDC  robotics  program  to  focus  on  the  establish¬ 

ment  of  a  robotics  technology  base  to  support  Navy  interests  in 
robotics  technology,  ranging  from  original  manufacture  to 
operation,  repair,  and  maintenance. 

4.  Approach:  Advanced  technological  developments  in  welding,  non¬ 

destructive  testing,  and  surface  preparation  were  studied 
and  the  feasibility  of  using  robotics  to  implement  these 
technologies  in  shipbuilding  was  evaluated.  At  the  same  time, 
the  economic  feasibility  of  proposed  robotics  work-stations  was 
considered  to  determine  the  return  on  investment  when  manual 
methdds  are  replaced  by  robotic  systems.  Each  area  was  found 
to  offer  the  possibility  either  of  greatly  increased 
productivity  or  decreased  • atards  to  shipyard  workers. 

5.  Progress:  The  various  robotic  application  areas  have  been  described  and 

specific  recommendations  for  implementing  ruch  systems  have 
been  documented.  The  areas  include  electron  beam  and  laser 
beam  welding  of  submarine  hull  wing  frame  and  pressure  hulls, 
narrow  gap  welding  of  submarine  pressure  hulls  and  carrier 
decks,  assembly  of  *nner  bottom  structural  sub-assembly 
modules,  painting  of  hulls,  and  removal  of  paint/rust/scale 
from  hulls.  Significant  cost  savings  were  discovered  in  most 
of  these  areas. 

Support  was  provided  to  the  Naval  Sea  Systems  Conmand  in 
developing,  processing,  and  monitoring  two  contracts 
specifically  intended  to  introduce  robotics  into  the  ship¬ 
building  industry.  The  first  desls  with  the  construction  ..nd 
installation  of  a  production  robotic  arc-welding  station  at 
Todd  Shipyard.  In  addition  to  other  devices,  the  robot  is  to 
be  fitted  with  a  vision  sensor  to  provide  real-time  adaptive 
control  of  the  robot,  ‘ihe  second  contract  deals  with  the 
development  and  installation  of  a  structural  shape-processing 
robot  at  Bath  Iron  Work s.  Efforts  are  being  made  to  link  this 
robot  directly  to  a  digital  data  base  defining  the  ship 
structure. 

6.  Reference:  Robotic  Automation  in  Advanced  Navy  Ship  Construction/Repair, 

DTNSRDC-82/44,  July  1982. 


ROBOTICS  APPLICATIONS  IN  NAVAL  MAINTENANCE 


1*  Responsible  DOD  organisation:  David  Taylor  Navel  Ship  Research  and 

Developaent  Center 
Bethesda,  MD  20084 
Attn:  Mr*  J*  Sheehan 
(202)  227-1285 

2.  Performing  organisation:  David  Taylor  Navel  Ship  Research  and 

Devalopaent  Center 
Bethesda,  MD  20084 
Attn:  Mr*  R*  Johnson 
(202)  227-1058 

3.  Objective:  Identify  applications  for  employment  of  currently  available 

robotics  aachinery,  develop,  and  install  prototypes  in  the  aost 
proaising  applications  and  identify  new  developments  of  benefit 
to  naval  aviation  logistics  and  maintenance  functions. 

4.  Approach:  DTNSRDC  Computation,  Mathematics  end  Logistics  Department 

Program  has  focused  on  the  organisational  ("0")  and 
intermediate  ("I")  levels  of  naval  air  aaintenance.  The 
objectives  of  the  project  are:  (1)  to  identify  potential 
applications;  (2)  to  estimate  the  benefits  of  robotic  use;  and 
(3)  to  identify  particularly  useful  robotic  developments  for 
air  aaintenance  tasl s.  Achieving  these  objectives  would 
provide  valuable  insight  for  Navy  planning  of  robotic 
installation  and  research  projects.  Conceptual  applications 
and  genei'.l  robotic  designs  will  focus  attention  on  particular 
Navy  re qui remen  s  (of  known  or  estimate  value).  In  the  course 
of  the  project,  a  valuable  in-house  technology  and  technical 
robotic  expertise  base  will  have  been  created. 

5.  Progress:  The  first  year  of  this  aulti-year  effort,  begun  in  FYC2, 

concentrated  on  characterising  tkw  existing  robotics 
technology.  A  survey  of  current  robotic  technology  indicated 
that  the  robotic  areas  receiving  aajor  R&D  efforts  include 
increasing  the  range  of  robot  sensory  capabilities  in  vision, 
force  and  tactile  sensing,  and  creating  robotic  systems  which 
can  be  more  easily  programmed  and  driven  from  external  computer 
systems.  Other  generic  aress  of  robot  espabilities  receiving 
less  attention  include  standardisation  of  control  languages, 
electrical  and  mechanical  inter-connections,  methods  of  robot 
calibration,  and  issues  related  to  robot  mobility. 

Project  efforts  in  FY83  will  focus  on  nsval  air  maintenance 
tasks  and  the  relationship  of  these  tasks  to  the  objectives. 
Near-term  robotic  task  applications  will  be  identified  as 
candidates  for  follow-on  developaent. 


6.  Reference: 


ROBOTICS  APPLICATIONS  IN  NAVAL  MAINTENANCE 


1.  Responsible  DOD  organisation:  David  Taylor  Naval  Ship  Eaaaareb  and 

DavalopaMnt  Canttr 
Bathaada,  KD  20084 
Aten:  Mr.  J.  Shaahan 
(202)  227-1285 

2.  Performing  organisation:  David  Taylor  Naval  Ship  Raaaarch  and 

Davalopnant  Cantor 
Bathaada ,  MD  20084 
Attn:  Mr.  R.  Johnaon 
(202)  227-1058 

3.  Objactiva:  Identify  application  for  enploynant  of  currently  available 

robotics  machinery,  develop,  and  install  prototypes  in  the  most 
promising  applicationa  and  identify  new  developments  of  benefit 
to  naval  aviation  logistics  and  maintenance  functions. 

4.  Approach:  DTNSRDC  Computation,  Mathematics  and  Logistics  Department 

Program  h**  focused  on  the  organisational  ("O")  and 
intermediate  ("1")  levels  of  naval  air  maintenance.  The 
objectives  of  the  project  are:  (1)  to  identify  potential 
applicationa;  (2)  ,to  estimate  the  benefits  of  robotic  use;  and 
(3)  to  identify  particularly  useful  robotic  developments  for 
air  maintenance  C’.ueks.  Achieving  these  objectives  would 
provide  valuable  insight  for  Navy  planning  of  robotic 
installation  and  research  projects.  Conceptual  applicationa 
and  general  robotic  designs  will  focus  attention  on  particular 
Navy  requirements  (of  known  or  estimate  value).  In  the  course 
of  the  project,  a  valuable  in-house  technology  and  technical 
robotic  expertise  base  will  have  been  created. 

5.  Progress:  T*»e  first  year  of  this  multi-year  effort,  begun  in  FY82, 

concentrated  on  characterising  the  existing  robotics 
technology.  A  survey  of  current  robotic  technology  indicated 
that  the  robotic  areas  receiving  major  RAD  efforts  include 
increasing  tPi  range  of  -obot  sensory  capabilities  in  vision, 
force  and  tactile  sensing,  ana  creating  robotic  systems  which 
can  be  more  easily  programmed  and  driven  from  external  computer 
systems.  Other  generic  areas  of  robot  capabilities  receiving 
leas  attention  include  standardisation  of  control  languages, 
electrical  and  mechanical  inter-connections,  methods  of  robot 
calibration,  and  issues  related  to  robot  mobility. 

Project  efforts  in  FY83  will  focus  on  naval  air  maintenance 
tasks  and  the  relationship  of  these  tasks  to  the  objectives. 
Near-term  robotic  task  applications  will  be  identified  as 
candidates  for  follow-on  development. 

6.  Reference: 


P-52 


TftE  EXTENSION  OF  NAN'S  UNDERWATER-WORK  CAPABILITY  THROUGH 
ACOUSTIC  AND  MANIPULATOR  TECHNOLOGIES 
(OCt  77-0 CT  61) 


1.  Responsible  DOD  organisation:  Naval  Nodical  Rasaarch  and  Development 

Command 

National  Naval  Nodical  Cantor 
Bathaada,  MD  20014 
Attn:  C.  E.  Brodina 
(202)  29S-1453 

2.  Performing  organisation:  Naval  Nodical  Raaaarch  Institute 

Behavioral  Sciance  Department 
Bathaada,  HD  20014 
Attn:  W.  W.  Banks 
(202)  295-1792 

3.  Objectiva:  The  purpose  of  this  study  is:  (1)  to  define  those  variables  . 

that  offset  operator  performance  when  the  operator  is  required 
to  interact  with  manipulator  and  imaging  equipment;  (2)  to 
quantify  the  impact  of  these  variables  and  take  measures; 

(3)  to  develop  a  performance  prediction  model  based  on  these 
variables;  (4)  to  determine  man's  limits  when  he  must  use 
manipulators  and  remote  viewing  systems.  The  AIMM  (Acoustic 
Imaging  Displays  With  Mechanical  Manipulator)  system  will  be 
used  as  a  prototype  for  this  evaluation.  Initially,  we  will 
define  the  limits  of  conventional  deep-dive  viewing  systems 
from  the  human  engineer's  point  of  view. 

4.  Approach:  Full-scale  dynamic  simulation  techniques  will  be  used  for  this 

investigation.  Parametric  manipulation  of  variables,  such  as 
back-scatter,  visibility,  and  operator  control  configuration, 
will  be  conducted  in  the  laboratory.  During  year  1,  baseline 
information  will  be  collected  on  conventional  optical  viewing 
systems.  This  information  will  be  used  «ater  for  comparative 
purposes. 

5.  Progress : 

6.  Reference : 


ADVANCED  MANUFACTURING  METHODS  -  963-7  81C726-98U135 

(FEB  78-APR  78) 


1.  Responsible  DOD  organisation:  Air  Forca  Matariala  Laboratory 

Metals  Branch 

Vright-Pattarson  Air  Forca  Baaa 
Ohio  45433 
Attn:  D.  L.  Shunk 
(513)  257-1110  X52203 

2.  Performing  organisation:  CAM-1  Computer  Aided  Manufacturing  Inc. 

Arlington)  TX 
Attn:  C.  Link 


3.  Objective:  The  objective  os  this  effort  is  to  establish  planning  specifi¬ 

cations  in  four  critical  areas  of  the  Air  Force  program  for 
integrated  computer-aided  manufacturing  (XCAM).  These  specifi¬ 
cations  will  be  used  in  the  short-  and  long-range  planning  and 
performance  of  the  Air  Force  I CAM  program. 

4.  Approach:  This  effort  will  assess  the  state-of-the-art  and  establish 

planning  specifications  in  the  technical  areas  of: 

(1)  geometric  modeling;  (2)  advanced  N/C;  (3)  sculptured 
surfaces;  and  (4)  process  planning. 

5.  Progress:  The  first  year's  membership  and  project  sponsorship  in  CAM-1 

(Computer-Aided  Manufacturing-International)  have  been  valuable 
to  the  euccess  of  1CAM.  CAM-I  fostered  four  (4)  projects  in 
1977.  These  were  sculptured  surfaces,  geometric  modeling, 
advanced  N/C,  and  process  planning.  All  of  these  serve  as 
excellent  precursor,  small  projects  to  full-scale  I CAM 
projects.  The  sculptured  surfaces  and  geometric  modeling 
projects  shall  be  used  in  TY',9  and  FY79  as  data  points  for  an 
I CAM  project  in  geometric  definition.  Advanced  N/C  may  be 
valuable  fo»*  the  robotics  project  of  I CAM  as  well  as  the  sheet 
metal  f“*>rication  machine  design.  Process  planning  has  just 
begun  to  be  useful  as  a  lend  in  to  a  major  I CAM  direction  in 
generative  process  planning.  Documents  of  the  project 
deliverables  have  arrived  ot  Air  Force  Katerisls  Laborator> , 
as  well  as  a  series  of  four  (4)  computer  tapes,  which 
encompass  the  sculptured  surfaces  software. 


6.  Reference: 


ROBOTIC  SYSTEM  FOR  AEROSPACE  BATCH  MANUFACTURING  71C831-8X11914 

(JUN  78-DEC  79) 


1.  Responsible  DOD  organisation:  Air  Fore*  Materials  Laboratory 

Wright-Pattaraon  Air  Fore*  Baa* 

Ohio  45433 

Attn:  M.  J.  Moacynaki 

(513)  257-1110  X52562 

2.  Performing  organisation:  Lockheed  Aircraft  Corporation 

Marietta,  GA 
Attn:  D.  Taylor 


3.  Objective:  The  object  of  thia  effort  ia  to  demonstrate  the  ahop  floor 

capabilities  of  existing  robots  to  drill  and  rout*  Aerospace 
sheet  metal  panels  and  to  establish  improved  software  and 
control  systems  to  enhance  robot  programming  and  versatility 
and  to  make  the  robot  mart  adaptable  to  the  production  floor. 
The  functional  requirements  for  the  use  of  robots  in  assembly 
shall  also  be  defined. 

4.  Approach:  A  three-task  program  will  be  undertaken.  These  tasks  will  be 

closely  inter-related.  Task  I  will  address  the  demonstration 
on  the  shop  floor  'of  an  existing  robot  drilling  and  routing  of 
aircraft  sheet  metal  panels.  Task  II  will  establish  vastly 
improved  robot  software  end  control  systems  and  demonstrate 
this  enhanced  capability.  Task  III  will  define  the  functional 
requirements  for  the  use  of  robots  in  assembly  of  aircraft 
sheet  metal  components. 

5.  Progress:  An  in-depth  study  and  analysis  of  current  and  conceptual 

robotic  assembly  technology,  applied  to  Aerospace  batch 
manufacturing,  have  been  made.  Analysis  of  robotic  assembly 
has  been  pursued  through  application  of  critical  economic  and 
sociological  factors  expected  to  influence  the  application  and 
acceptance  of  automated  assembly  technology.  Several  robotic 
assembly  cells  and  other  robotic  cell  concepts  have  been 
examined . 


6.  Reference: 
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ROBOTIC  SYSTEM  FOR  AEROSPACE  BATCH  MANUFACTURING  71C832-8B11914 

(SEP  78-MAR  80) 


1.  Responsible  DOD  organisation:  Air  Force  Meteriels  Laboratory 

Computer  Integrated  Manufacturing  Branch 

Wright-Pattersoa  Air  Force  Baaa 

Ohio  45433 

Attn:  M.  J.  Moacynski 

(513)  257-1110  X52562 

2.  Performing  organisation:  General  Dynamics  Corporation 

Fort  Worth,  TX 
Attn:  D.  Golden 


3.  Objective:  The  object  of  this  effort  is  to  demonstrate  the  shop  floor 

capabilities  of  existing  robots  to  drill  and  route  Aerospace 
sheet  metel  panels  and  to  establish  improved  software  end 
control  systems  to  enhance  robot  progremming  and  versatility 
and  to  make  the  robot  more  adaptable  to  the  production  floor. 
The  functional  requirements  for  the  use  of  robots  in  assembly 
ahall  also  be  defined. 

4.  Approach:  A  three-task  program  will  be  undertaken.  These  tasks  will  be 

closely  inter-related.  Task  I  will  address  the  demonstration 
on  the  shop  floor  of  an  existing  robot  drilling  and  routing  of 
aircraft  sheet  metal  panels.  Task  II  will  establish  vastly 
improved  robot  software  and  control  systems  and  demonstrate 
this  enhanced  capability.  Task  III  will  define  the  functional 
requirements  for  the  use  of  robots  in  assembly  of  aircraft 
sheet  metal  components. 

5.  Progress:  The  robotics  application  guide  is  80  percent  complete  end  the 

detailed  plans  for  the  fabrication  cell  have  been  delivered  to 
the  Air  Force  Materials  Laboratory. 


6.  Reference: 


AUTOMATION  OF  THERMAL  SPRAY  PROCESS  814-6 
(FEB  76-MAY  SO) 


1.  Responsible  SOD  organisation:  Air  Forca  Materials  Laboratory 

Wright-Patterson  Air  Fores  Baas 
Ohio  45433 
Attn:  8.  G.  Las 
(513)  257-1110  X52203 

2*  Performing  organisation:  Ganaral  Elactric  Co^eny 

Cincinnati,  OH 
Attn:  F.  Hermanek 


3*  Objaetiva:  To  aatablish  automated  proeaaa  of  thermal  spray,  aapaeially  for 
elaaranea  control  coatings  so  that  tha  apray  ia  reproductible 
and  tha  apray  anvironoMnt  Mats  OS  HA  coating  requirements. 

4.  Approach:  All  variables  of  the  thermal  spray  process  will  be  identified 

and  those  that  are  controllable  will  be  analysed.  Control 
systena  will  be  developed  to  Mintain  the  controllable 
variables  within  certain  Halts  and  feedback  control  will 
permit  the.  process  to  be  autoaatad  and  computer  controlled, 
thus  removing  the  operator  froa  the  poor  working  environMnt. 

5.  Progress:  The  Materials  Laboratory  initiated  a  program  in  June  1976, 

entitled,  'Manufacturing  Technology  for  Automation  of  the 
Thermal  Spray  Process  with  General  Electric  Aircraft  Engine 
Group",  to  improve  process  control  of  the  thermal  apray 
process  through  computer-aided  automation.  Significant 
improveMnt  in  process  control  was  attained  through  this 
program.  Controllable  variables  affecting  coating  quality 
were  identified.  The  process  parameters  governing  these 
variables  were  subsequently  optimised  using  statistically- 
designed  experiments.  Plasma  gun  povar  settings,  powder  feed 
rctes,  primary  and  secondary  g’~>  flow  rates,  gun  and  part 
stipulation  apeeda/attitudea,  and  other  critical  proceoc 
parameters  were  adaptively  controlled  through  an  interfaced 
minicomputer.  System  capability  was  demonstrated  by  spraying 
TF39  spools  «nd  Stage  X  HPT  turbine  blades  with  the  computer- 
controlled  5-Axis  gun  Mnipulator  system  established  under  the 
program.  Metallurgical  examination  and  evaluation  revealed 
-hat  theae  coatings  met  existing  quality  standards  for  bond 
strength,  microstructure,  and  other  properties. 

6.  Reference:  Detaila  concerning  this  prnj-:t  can  be  found  in  technical 

report  AFML-TR-79-4186  on  Process  Automation. 


F-57 


AUTOMATED  COMPOSITE  MATERIAL  TRANSFER  -  407-7 
(OCT  77-JUN  80) 


1.  Responsible  DOD  organisation:  Air  Force  Msteriels  Laboratory 

Wright-Patterson  Air  Force  Bese 
Ohio  43433 
Attn:  F.  F.  Pirrung 
(313)  257-1110  X35429 

2.  Performing  organisation:  Northrop  Corporation 

Hawthorne,  CA 
Attn:  R.  Johnson 


3.  Objective:  The  objective  of  this  program  is  to  establish  and  demonstrate 

low  cost  composite  aircraft  component  ply  layup  by  adaptation 
of  industrial  robotics  to  eueomsted  ply  transfer  techniques. 

4.  Approach:  Establish  the  capability  to  pickup,  transfer,  and  accurately 

locate  composite  plies  by  means  of  an  automated,  robotic 
system.  Conduct  an  initial  cost  analysis  and  production 
payoff  projections.  Re-assess  transfer  head  requirements  and 
demonstrate  concept.  The  robotic  compoaite  ply  transfer 
concept  shall  be  evaluated  for  its  applicability  to  full-scale 
composite  ply  transfer  in  production  and  shall  reduce  the 
concept  to  practice.  The  contractor  shall  fabricate  a  full- 
scale  composite  monolithic  aircraft  skin,  typical  of  the  skin 
of  a  fighter  empennage  structure,  utilising  the  complete 
capabilities  of  the  manufacturing  concept. 

5.  Progress:  The  establishment  of  a  sector-controlled  vacuum  transfer  head, 

for  use  with  a  off-the-shelf,  6-axis  industrial  robot,  to  stack 
composite  prepreg  plies  into  a  layup  tool  automatically  waa 
accomplished.  Principal  areas  of  accomplishment  of  the  final 
transfer  head  configuration  are;  (1)  utilisation  of  graphite 
composites  in  the  head  structure  to  minimise  transfer  head 
weight;  (2)  evaluation  of  soft-closed  cell  foam  materials  for 
optimisation  of  the  pickup  head  surface;  (3)  establishment  of 
air/vacuum  flow  characteristics  of  the  transfer  device  to 
maximise  transfer  efficiencies;  and  (4)  development  of 
electronics  and  wiring  harnesses  for  operation  of  the  sector 
control  valves. 


6.  Reference: 


MBS  ROBOTIC  SUPPORT  81C814-8X11915 
(MAY  78-JUL  80) 


1.  Responsible  pOD  organisation :  Air  Porea  Matarials  Laboratory 

Computer  Intagratad  Manufacturing  Branch 
Wright-Pattarson  Air  Forca  Baaa 
Ohio  43433 

Attn:  M.  J.  Moacynaki 
(513)  257-1110  X52562 

2.  Performing  organisation:  National  Buraau  of  Standarda 

Gaithersburg,  MD 
Attn:  G.  Vsndanbrug 


3.  Objactiva:  To  obtain  NBS  axpartiaa  to  continually  aaaaaa  and  make 

recommendations  on  an  Air  Forca  I CAM  projact,  antitlad, 

"Robotic  Systems  for  Aaroapaca  Batch  Manufacturing."  In 
addition,  NBS  participation  in  tha  araaa  of  computer 
languages,  hiararchical  control  ayataas,  and  intarfacaa  ahall 
aid  in  tha  vide  acceptance  and  use  of  tha  technology  which 
raaulta  from  the  Air  Force'a  robotic  effort. 

4.  Approach:  Thia  effort  will  draw  upon  the  existing  axpartiaa  of  NBS  as 

one  of  the  leading  research  laboratories  in  robotics  in  the 
world  and  upon  the  extensive  industry  contracts  maintained  by 
NBS.  Three  major  tasks  ahall  be  conducted:  (1)  develop  a 
guideline  for  the  selection  and  procurement  of  robots,  robot 
computar  languages,  and  robot  control  systems  for  Aerospace 
batch  manufacturing;  (2)  provide  technical  support  to  the 
Air  Force  and  to  Air  Force  contractors  on  the  implementation 
of  robot  systems  aa  required  by  tha  above-referenced  effort ; 
and  (3)  directly  support  computer  control,  programming,  and 
sensor  technology  to  substantially  improve  robot  system 
performance  and  safety. 

5.  Progress:  The  glossary  of  robotic  terms  has  been  substantially  completed. 

Assistance  to  the  project  914A,  B,  and  C  contractures  has  been 
provided  on  numerous  occasions.  A  preliminary  analysis  of  a 
new  vision  hardware  system  was  prepared  and  documented. 

Hardware  for  a  vision  system  to  acquire  binary  images  has  been 
simulated  for  part  positioning.  The  design  of  a  graphic 
simulation  system  which  shows  how  a  robot  will  function  under  a 
program  written  in  an  offline  mode  was  begun.  Robotic  safety 
issues  have  been  pursued. 


6.  Reference: 
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ROBOTIC  SYSTEMS  FOR  AEROSPACE  BATCH  MANUFACTURING  71C812-B811914 

(JUL  78-OCT  81) 


1.  Responsible  DOD  organisation:  Air  Force  Materia  la  laboratory 

Wright-Pattercon  Air  Force  Base 
Ohio  45433 
Attn:  G.  E.  Mayer 
(513)  257-1110  X52562 

2.  Performing  organisation:  McDonnell  Douglas  Corporation 

St.  Louis,  MO 
Attn:  G.  E.  Ennis 


3.  Objective:  The  object  of  this  effort  ia  to  demonstrate  the  shop  floor 

capabilities  of  existing  robots  to  drill  and  route  Aerospace 
sheet  metal  panels  and  to  establish  improved  software  and 
control  systems  to  enhance  robot  programming  and  versatility 
and  to  make  the  robot  more  adaptable  to  the  production  floor. 
The  functional  requirements  for  the  use  of  robots  in  assembly 
shall  also  be  defined. 

4.  Approach:  A  three-task  program  will  be  undertaken.  These  tasks  will  be 

closely  inter-related.  Task  I  will  address  the  demonstration 
on  the  shop  floor: of  an  existing  robot  drilling  and  routing  of 
aircraft  sh^et  metal  panels.  Task  11  will  establish  vastly 
improved  robot  software  and  control  systems  ar.d  demonstrate 
this  enhanced  capability.  Task  III  will  define  the  functional 
requirements  for  the  use  of  robots  in  assembly  of  aircraft 
sheet  metal  components. 

5.  Progress:  The  production  integration  plan,  high-level  language  plan,  and 

off-line  programming  plan  have  been  been  approved  by  the  United 
States  Air  Force  technical  monitor.  Major  system  components 
and  their  inter-relationships  within  these  aresa  have  been 
determined  through  the  use  of  modular  breakdowns.  The  micro- 
robotic  simulation  model  is  being  developed  and  coded  to 
analyse  the  manufacturing  cell  operation.  Development  of  the 
high-level  robot  programming  language  has  resulted  in  design 
specifications  for  seven  of  tne  modules.  Test  plans  for  the 
language  and  interface  software  have  been  prepared.  Tests 
were  conducted  on  the  quick  change  mechanisms  for  the  end 
effectors.  Design,  coding,  and  test  specifications  have  been 
documented  for  the  GE  TN2200  camera  interface.  The  drivematis 
automatic  riveter  has  been  tested.  Two  patent  disclosures  have 
been  made,  one  for  a  bristled  table  surface  from  which  to  pick 
up  flat  parts,  and  one  for  the  design  of  a  quick  change  end 
effector  mechanism. 


6.  Reference: 


RESEARCH  OH  PARALLELISM  IN  PROBLEM-SOLVING  SYSTEMS 
(SEP  79-OCT  81) 


1.  Responsible  DOD  orgenisstion:  Air  Force  Office  of  Scientific  Research 

Director  of  Mathematical/lnformation 
Sciences 

Bldg.  410,  Bolling  Air  Force  Base 
Wsshington,  DC 
Attn:  W.  R.  Prince 
(202)  767-5025 


2.  Performing  organisation: 


SRI  International 
Menlo  Park,  CA 
Attn:  N.  J.  Nilsson 


3.  Objective:  Explore  the  basic  issues  involved  in  generating  problem¬ 
solving  plans  thst  exhibit  parallelism  and  develop  and 
evaluate  techniques  for  generating  such  plans.  The  results 
of  this  research  could  be  applied  in  the  development  of 
systems  for  automaticall>  generating  operational  plans  in  a 
command  and  control  environment  and  for  coordinating  the 
activities  of  multiple  robots  involved  in  a  common  task 
(such  as  remotely -piloted  vehicles). 


4.  Approach : 


5.  Progress: 


The  basic  approach  is  to  generate  plans  in  a  hierarchical 
fashion.  At  the  top  level,  the  overall  task  is  divided  into  a 
set  of  high-level  steps.  At  succeeding  levels,  the  steps  are 
expanded  into  a  set  of  finer,  more  detailed  steps  until  the 
plan  is  described  in  terms  of  'elementary'  steps  requiring  no 
further  decomposition.  At  each  level,  the  plan  will  be 
examined  to  identify  the  steps  that  can  proceed  in  parallel 
subject  to  the  constraints  of  available  resources. 

The  first  yesr  of  this  project  was  spent  examining  issues 
involved  in  exploiting  parellelism  in  problem-solving  systems 
and  experimenting  with  an  existing  problem-solving  system, 

NOAH.  The  purpose  of  the  experiments  was  to  develop  techniques 
for  recognising  and  exploiting  opportunities  for  parallelism. 
Several  improvements  were  made  to  the  NOAH  systems.  The 
improvements  include  s  new  procedure  for  resolving  conflicts, 
a  new  critic,  and  a  new  routine  for  printing  out  procedural 
networks  as  a  diagram.  In  developing  plans,  situstions  arise 
when  one  branch  of  a  procedural  network  has  side  effects  which 
interfere  with  the  actions  in  a  parallel  branch.  A  technique 
using  signal  and  wait  nodes  to  synchronise  potentially  con¬ 
flicting  actions  was  incorporated  into  the  planning  system. 


6.  Reference: 


F-61 


MATERIALS -MANTLING  EQUIPMENT  FOR  SUPPLYING  THE  ARMY  IN  THE 
FIELD  UNDER  THREAT  SCENARIOS 


1.  Responsible  DOD  organisation:  MERADCOM  Program*  Office 

Ft.  Belvoir,  VA  22060 
Attn:  P.  Hopler 
(AVN)  8-354-3471 

2.  Performing  organisation:  MERADCOM  Programs  Office 

Ft.  Belvoir,  VA  22060 
Attn:  J.  Stephens 
(703)  664-3471 

3.  Objective:  Conduct  exploratory  research  of  new  and  emerging  technology 

which  can  be  exploited  to  enhance  the  military  aupply  distri¬ 
bution  to  the  Army  in  the  field. 

4.  Approach:  By  a  concerned  effort  on  in-house  and  contractual  support, 

conceive  and  evaluate  mechanisms,  techniques,  materials,  and 
integrate  them  into  systems  that  will  enhance  the  Army's 
ability  to  supply  the  Army  in  the  field  under  various 
threat  scenarios  including  trasition  to  war,  RDF,  and  full 
mobilization. 

5.  Progress:  Avardpd  contracts' to  determine  operational  requirements  for 

ammunition  resupply  in  the  1990's  and  to  determine  boundary 
conditions  for  MHE  required  to  transition  to  war.  Completed 
investigation  and  preliminary  feasibility  analysis  of  robots 
an  alternative  for  transfer  of  ammunition  under  an  NBC  threat 


6.  Reference: 


ARMY  APPLICATION  OF  ROfOTICS 


1.  Responsible  DOD  organisation:  DARCOM  Human  Engineering  Laboratories 

Aberdeen  PC,  MD  21005 
Attn:  B*  E.  Cunnings 
(301)  278-4401 

2.  Performing  organisation:  DARCOM  Human  Engineering  Laboratories 

Aberdeen  PG,  MD  21005 
Attn:  C.  M.  Shoemaker 
(301)  278-3265  ' 

3.  Objective:  To  obtain  an  early  appreciation  of  the  potential  for  current 

(off-the-shelf)  and  near-term  robotic  technology  to  provide 
enhanced  performance  of  available  manpower  and  materiel  in  an 
environment  characterised  by  limited  personnel  resources  and 
reduced  performance  capabilities  of  troops  encumbered  by  HBC 
protective  equipment.  Specifically,  initial  design  and 
procurement  of  materials  to  construct  a  robotic  ammunition 
transport  device  will  take  place  in  FY81.  This  system  will 
be  designed  to  reduce  the  labor  intensive  activities 
associated  with  loading  8-inch  projectiles  on  the  M110  E2  S.P. 
Howitser. 

4.  Approach:  Traditional  study  and  survey  methods  will  be  supplemented  by  an 

active  demonstration  program  utilising  the  robotic  ammunition 
transport  device  referred  to  above.  The  design  and  fabrication 
of  this  device  will  be  performed  in  conjunction  with  Toole  Army 
Depot. 

5.  Progress:  The  preliminary  design  for  the  system  hss  been  completed  (H^l, 

AEO,  Shipley  Mfg,  and  Unimation  Participation)  and  orders  have 
been  placed  for  a  Unimate  4000  and  DEC  PDP  1103. 

6*  Reference:  DA0D4946 
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SPEECH  RECOGNITION 


1.  Responsible  DOD  organisation:  DARPA 


2.  Perforating  organisation:  System  Development  Corporation 

Sants  Monica,  CA  90406 
Attn:  H.  B.  Rites 


3.  Objective:  Development  of  en  automatic  speech  understanding  system  which, 

in  its  final  implementation,  will  have  e  vocabulary  of  1,000 
words  and  will  allow  a  number  of  speakers  to  use  natural- 
spoken  English  to  access  information  in  a  data  base. 

4.  Approach:  Successful  implementation  of  a  speech  understanding  system 

requires  the  use  of  several  aources  of  knowledge  about 
language  and  its  use  for  particular  tasks.  These  include  the 
parameters  of  speech  sounds,  acouatr c -phone tic  data,  lexical 
data,  phonological  data,  semantic  data,  and  stored  information 
about  an  ongoing  dialogue.  A  major  concern  in  th  system¬ 
building  strategy! is  the  interconnection  and  scheduling  of 
these  knowledge  sources,  commonly  referred  to  as  the  system 
architecture.  The  basic  approach  taken  to  system  implementa¬ 
tion  is  distinguished  by  a  "beat-first"  parsing  strategy  and  a 
probabilistic  acoustic -phonetic  processor.  The  key  features  of 
this  parsing  etrategy  are  the  assigning  of  priorities  at  e'.ch 
step  along  a  parsing  path  and  the  suspending  of  a  path  when 
there  are  alternatives  available  with  higher  priorities. 

5.  Progress:  By  the  end  of  1975,  a  prototype  of  the  1,000-word  vocabulary 

system  targeted  for  1976  will  be  implemented.  This  system  will 
have  a  600-word  vocabulary.  Acoustic-phonetic  and  parametric 
processing  will  be  done  on  a  PDP-11/40  and  SPS-41  computer 
configuration.  All  higher-level  linguistic  processing  and 
lexical  mapping  will  be  done  on  an  IB?!-370/l45.  Continued 
research  in  acoustic-phonetics  and  paraceterisation  will  lead 
to  more  accurate  A-matrices.  Further  work  in  lexical  mapping, 
particularly  in  methods  for  hypothesising  words  purely  on  the 
basis  of  acoustic  cues,  will  enable  the  system  tr  partially 
break  away  from  a  purely  predictive  strategy  based  on 
linguistic  cues.  Analysis  of  protocols  will  lead  to  a  more 
comprehensive  syntax  for  the  data  management  task,  in 
addition  to  providing  useful  information  for  building  discourse 
structures  of  dialogues. 

6.  Reference: 


F-64 


ARMY  ROBOTICS 
(OCT  81) 


1*  Responsible  DOD  organisation:  OCE  ETL  Raaaarch  Institute 


2.  Performing  organisation:  OCE  ETL  Research  Institute 

Attn:  Dr.  R.  D.  Leigh ty 
(703)  664-3220 

3.  Objective:  Definition  of  a  detailed  Army  RAD  program  for  robotics  to 

effectively  replace  or  assist  combat,  combat  support,  and 
combat  service  support  personnel. 

4.  Approach:  The  baseline  for  a  program  in  robotics  will  be  a  contractual 

effort  having  four  phases:  (1)  organise  robot  technology  in 
a  manner  that  defines  the  basic  functional  criteria  necessary 
for  designing  robots  vithin  significant  categories  of  potential 
Army  applications  based  on  prioritised  mission  area  needs  or 
technological  opportunities;  (2)  define  the  state-of-the-art 
for  4980  and  extrapolate  to  1990  and  2000  in  each  category ; 

(3)  detail  an  Army  research  plan  for  each  category  which 
considers,  for  example,  risks,  cost/benefit,  schedules, 
priorities,  etc.;  and  (4)  identify  the  potential  for  initiation 
of  developments  (e.g.,  6.3,  6.4)  based  on  the  natural  and 
accelerated  state-of-the-art.  In-house  activities  will  involve 
independent  study  and  training,  visits  to  industrial  and 
university  robotic  facilities,  liaison  with  government  organi¬ 
sations,  and  coordination  within  Army.  The  end-item  plan  will 
be  the  product  of  internal  evaluation  and  analysis  of  the 
contracted  baseline  work  as  enabled  by  the  in-house  activities 
described  above. 


5.  Progress : 


6.  Reference: 


ROBOTICS  APPLIED  TO  RAPID  EXCAVATION 
(SEP  81) 


1.  Responsible  D0D  organisation:  MERADCOM  Countersurveillance  Intrusion  Lab 

Sensors  and  Survivability  Division 


2.  Performing  organisation:  MERADCOM  Counteraurveillance  Intrusion  Lab 

Sensors  and  Survivability  Division 
Attn:  Mr.  H.  L.  Keller 
(803)  664-5876 

3.  Objective:  To  investigate  an  approach  to  the  use  of  robotics  in 

conjunction  vith  an  on-going  Army  need  to  develop  rapid 
excavation  techniques. 

4.  Approach:  Perform  preliminary  evaluations  of  means  of  converting  an 

existing  excavator,  a  tractor  mounted  backhoe,  to  computer- 
assisted  control. 

5.  Progress:  Progress  has  been  made  in:  (a)  development  of  microprocessor 

based  controller  software  and  definition  of  hardware  require¬ 
ments;  (b)  evaluation  of  means  of  sensing  digger  and  hole 
states;  anJ  (c)  evaluation  of  means  of  digger  actuation  under 
microprocessor  control. 

6.  Reference: 
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CONTROL  CONCEPTS  FOR  ROBOTIC  TURRET 
(JAN  '2) 


1.  Responsible  DQD  organisation:  Arradcom  Systems  Division 

(FC  &  SCWSL) 


2.  Performing  organisation:  Arradcom  Systems  Division 

(FC  &  SCWSL) 

Attn:  T.  Posbergh 
(201)  328-2221 

3.  Objective:  Develop  advanced  intelligent  control  concepts  and  methodology 

compatible  with  requirements  of  complex  military  robotic 

systems. 

A.  Approach:  Analytical  and  computer-aided  design  tools  will  be  developed 
to  permit  design  of  high-performance  robotic  controls  and 
investigations  will  be  carried  out  to  address  software/hardware 
architectural  issues  assoc ieted  with  implementing  complex 
robotic  control  algorithms.  The  concepts  of  trainable 
controllers  and  bayesian  learning  will  be  investigated  for 
application  to  military  robotic  systems. 

5.  Progress:  None.  New  start. 

6.  Reference: 


PLATFORM  ASSEMBLY:  ROBOTIC  CONSTRUCTION  EQUIPMENT 
(MAY  82-CONT) 


Responsible  DOD  organisation:  National  Aeronautics  and  Spaea 

Adainistration 

Lyndon  B.  Johnson  Spaea  Cantar 


2.  Performing  organisation: 


National  Aeronautics  and  Space 
Adainistration 

Lyndon  B.  Johnson  Space  Cantar 
Attn:  H.  8.  Beckham 
(713)  483-3084 


Objective:  To  develop  technology  for  the  construction  and  servicing 

equipment  needed  in  the  assembly  of  a  large  apace  platform 
using  the  space  shuttle  orbiter  as  a  construction  base. 


4.  Approach: 


Previous  studies  have  identified  requirements  and  defined 
equipment  concepts  for  construction  of  space  platforms.  One 
critical  function  in  construction  operations  is  the  holding 
and  positioning  of  the  platform  relative  to  the  orbiter  to 
facilitate  access  to  specific  work  sones  by  the  remote 
manipulator  systems  (RMS)  and  by  the  extravehicular  astronauts. 
A  ground  Met  article  (GTA)  representing  a  holding  and 
positioning  aid  (HPA)  concept  is  being  fabricated.  This  RTOP 
activity  will  define  and  evaluate  performance  criteria  and 
functional  capability  through  test  of  the  GTA  in  simulated 
sero-G  operation  in  the  manipulator  development  facility  and 
the  large  area  space  simulator.  The  berthing  and  docking 
function  of  the  interface  between  the  platform  and  the 
construction  equipment  will  be  evaluated.  Based  on  test 
results  and  analysis,  technology  needs  will  be  assessed  and  a 
development  program  planned  for  technology  issues  that  would  be 
critical  to  the  development  of  flight  equipment  for  the 
orbiter. 


5.  Progress: 


6.  Reference: 
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ADVANCED  ORBITAL  8ER VICES  (TELEOPERATOR  MANEUVERING  SYSTEM) 

(JUN  SI) 


1.  Responsible  BOD  organisation:  National  Aaronautica  and  Spaca 

Administration 

Maraball  Spaca  Flight  Cantor 


2.  Par forming  organisation:  National  Aaronautica  and  Spaca 

Administration 
Maraball  Spaca  Flight  Cantor 
Attn:  J»  R.  Turner 
(205)  453-4165 

3.  Objactiva:  Tha  objective  of  tba  FY82  work  will  be  to  investigate,  define, 

and  develop  tba  teleoperator  (Maneuvering  system  (IMS)  applica¬ 
tions,  requirements,  and  concepts  to  bring  to  the  space 
transportation  system  (STS),  a  remotely-controlled  satellite 
placement,  retrieval,  and  subsatellite  capability  in  the  mid- 
1980's  with  an  evolution  to  other  satellite  aervices  such  as 
satellite  maintenance/repair,  large  structures  assembly,  and 
retrieval  of  unstabilised  satellites  and  space  debris* 

4.  Approach:  The  TMS  phase  A  study  initiated  in  1980  and  incrementally 

funded  in  FY81  will  bo  completed  in  FY82.  Supporting  develop¬ 
ment  in  FY81  includes  procurement  of  a  shuttle  remote 
SMnipulator  system  (RMS)  end  effector  that  will  be  evaluated 
during  FY82  for  use  as  a  docking  mechanism.  Evaluation  of 
other  docking  mechanisms,  lighting  requirements,  video,  and 
display  requirements  will  continue  to  be  investigated  during 
FY82.  Bread  boarding  of  long-  and  short-range  radar  systems 
will  be  completed  and  evaluated  in  FY82  to  assess  applicability 
to  the  TMS  and  to  determine  new  technology  requirements.  The 
TMS  docking  systems  test  end  evaluations  will  be  conducted  and 
spacecraft  servicing  systems/control  systems  will  be  extended 
to  include  axial  and  radial  exchange  capability.  Specialised 
end  effectors  for  handling  beams  will  be  fabricated  and  tested 
in  FY82  to  further  refine  concepts  for  TMS  remote  satellite 
applications. 


5.  Progress: 

6.  Reference: 
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SPACE  APPLICATIONS  OF  AUTOHAT ION,  ROBOTICS,  AND 
MACHINE  INTELLIGENCE  SYSTEMS  (ARAN IS) 


1.  Responsible  DOD  organisation:  National  Aaronautiea  and  Space 

Adniniatration 
Marshall  Spaea  Flight 
Huntavilla,  AL 
Attn:  C.  Vontiasanhauaan 
(205)  453-2789 

2.  '  Par forming  organisation:  National  Aaronautiea  and  Spaea 

Adniniatration 
Marshall  Spaea  Flight 
Huntsvilla,  AL 
Attn:  G.  Vontiasanhauaan 
(205)  453-2789 

3.  Objactiva:  The  study  provides  a  eross-cut  between  major  functional 

elements  of  representative  future  NASA  mission  models  and 
available  and  expected  options  of  automation,  robotics,  and 
machine  intelligence  systems  which  would  be  applied  to  these 
functional  elements.  Required  RDT&E  investments,  coats  of 
software  and  hardware,  and  systems  integration  coat  will  be 
determined,  as  well  as  cost  benefits  obtained  over  using 
conventional  systems.  This  ia  an  overall  aystams  approach  to 
the  role  of  advanced  automation  technology  application  in 
NASA's  future  missions. 


4.  Approach : 

5.  Progress: 

6.  Reference: 
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INTELLIGENT  SYSTEMS  RESEARCH 


1.  Responsible  UOD  organisation:  National  Aaronauties  and  Spaca 

Administration 
Langloy  Research  Cantor 
Langlay  Station,  VA 
Attn:  C.  T.  Wool lay 
(804)  827-3871 

2.  Performing  organisation:  National  Aaronauties  and  Spaca 

Administration 
Langlay  Rasaarch  Canuar 
Langlay  Station,  VA 
Attn:  C.  T.  Woollay 
(804)  827-3871 

3.  Objactiva:  Tha  rasaarch  objactiva  of  this  plan  ia  to  advance  intelligent 

systems  technology  to  enable  tha  design,  development,  and 
utilisation  of  advanced  systems  for  future  space  robotics 
applications  including  space  assembly,  apace  manufacturing,  and 
space  servicing  of  satellites. 

4.  Approach:  To  achieve  these  objectives,  tha  program  focus  will  be  to 

conceptualise,  investigate,  and  verify  algorithms,  sensors, 
actustors,  software,  and  system  architecture  required  for 
automated  space  operations.  Specific  near-term  objectives  are: 
(1)  development  of  a  prototype  multi-arm  manipulator  to  be  used 
fer  space  assembly  studies;  (2)  development  of  high-speed 
processing  techniques  and  hardware  for  specialised  algorithms 
such  as  numerical  integration,  filtering,  and  matrix  manipula¬ 
tion;  and  (3)  development  of  multiple-arm  coordination 
techniques  and  software. 

5.  Progress: 

6.  Reference: 
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SENSOR /CONTROL  AUGMENTATION  OP  SHUTTLE  REMOTE  MANIPULATOR  SYSTEM 

(JUN  81-CONT) 


1.  Responsible  DOD  organisation s  Jet  Propulsion  Laboratory 

California  Institute  of  Technology 


2.  Performing  organisation:  Jat  Propulsion  Laboratory 

California  Institute  of  Technology 

Attn:  A.  K.  Bejoty 

(213)  354-4568 

3.  Objective:  Development,  demonstration,  and  evaluation  of  advanced  tele¬ 

operator  techniques  and  subsystems  for  shuttle  remote 
manipulator  system  (RMS)  control,  to  provide  enhanced 
capabilities  for  satellite  retrieval,  maintenance  and  repair, 
for  in-orbit  servicing  of  reusable  vehicles,  and  for  space 
platform/station  sasembly  such  as  the  space  operations  center 

4.  Approach:  The  objectivea  include  the  development  of  proximity,  force 

torque,  and  contact  aenaor  with  related  controls,  integrated 
graphic  displays  rf  sensory  information,  bilateral  force 
reflecting  manual  controls,  and  computer  based  voice  command 
capabilities  for  controlling  both  TV  cameras /monitors  and 
graphic  displays.  The  final  objective  is  to  demonstrate 
enhanced  and  smart  aensor/control  capabilities  in  the  form  of 
protoflight  systems/experiments  in  the  CY84  to  86  time  period 
The  specific  FY82  objectives  are:  (1)  conduct  and  evaluate 
force  torque  control  experiments  at  the  JSC  manipulator 
development  facility  (MDF)  using  the  force  torque  sensor  and 
display  system  developed  at  JPL  in  FY80-81;  (2)  produce  both 
requirements  definitions  and  preliminary  designs  for  proto- 
f light  sensor,  control,  display,  and  voice  command  systems, 
including  protoflight  experiments  definitions;  and 
(3)  initiate  component  developments  where  appropriate. 


5.  Progress : 

6.  Reference: 
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MACHINE  VISION  AND  TELEOPERATOR  ROBOTS 
(JUL  SI) 


1.  Responsible  DOD  organisation:  Jec  Propulsion  Laboratory 

California  Institute  of  Technology 


2.  Performing  organisation:  Jet  Propulsion  Laboratory 

California  Institute  of  Technology 

Attn:  C.  F.  Ruoff 

(213)  354-6101 

3.  Objective:  Develop  and  demonstrate  sensing!  perception,  and  control 

technology  needed  for  automated  space  systems,  teleoperators, 
and  robots.  Specific  objectives  include:  (1)  the  development 
and  laboratory  demonstration  by  1986  of  a  control-oriented 
computer  viaion  system  which  is  capable  of  target  body  tracking 
over  a  noisy  background;  and  (2)  the  development  and  demonstra¬ 
tion  of  a  supervisory  control  system  with  telepresence  for 
remotely-operated  teleoperator  robots  in  1986. 

4.  Approach:  Supporting  objectives  in  1982  include:  (1)  developing  and 

testing  extensible  visual  models  for  three  dimensional  objects; 
(2)  extending  stereo  recognition  algorithms;  (3)  increasing  the 
speed  of  tracking  algorithms;  (4)  performing  initial  tracking 
experiments  in  noisy  scenes;  and  (5)  determining  realistic 
design  goals  and  generating  a  development  plan  for  a 
supervisory  control  system  with  telepresence.  The  approach  to 
computer  vision  will  focus  in  the  near  term  on  algorithmic  as 
opposed  to  hardware  development.  Robust  appro  ches  which  can 
tolerate  variability  will  be  sought  with  attention  being  paid 
to  their  eventual  implementation  in  parallel  hardware 
processing  networks.  Supervisory  control  efforts  will  focus 
this  year  upon  an  analysis  of  realistic  future  teleoperstor 
robot  requirements  as  contrasted  with  available  technology. 

From  this  work,  a  technology  development  plan  can  be  formulated 
which  will  be  used  to  guide  subsequent  research  and  development 
activities. 

5.  Progress: 


6.  Reference: 


ROBOT  ICS  /MACHINE  INTELLEENCE  AUTOMATED  SYSTEMS 


1.  Responsible  DOD  organisation :  Jet  Propulsion  Laboratory 

California  Institute  of  Technology 
Pasadena ,  CA 
Attn:  C.  Ruoff 
(213)  354-6101 

2<.  Perfcrming  organization:  Jet  Propulsion  Laboratory 

California  Institute  of  Technology 
Padadena,  CA 
Attn:  C.  Ruoff 
(213)  354-6101 

3.  Objective:  To  develop  and  demonstrate  laboratory  versions  of  sensing  and 

control  technologies  for  automated  systems  and  robots.  A 
specific  objective  is  the  development  of  a  visual  subsystem 
for  control  applications. 

4.  Approach:  In  FY81,  work  toward  this  objective  will  include: 

(1)  developing  object  models  useful  fc  racking  of  three- 
dimensional  objects;  (2)  developing  stereo  object  recognition 
algorithms  tor  simple  objects  in  arbitrary  poses; 

(3)  developing  initial  stereo  tracking  algorithms  which  work  at 
one-half  normal  frame  rates;  and  (4)  cooperating  with  NASA- 
Goddard  on  the  use  of  the  massively  parallel  processor 
prototype  in  real-time  scene  analysis. 

5»  Progress : 

6.  Reference: 
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APPENDIX  G: 

THE  AUTOMATED  MANUFACTURING  RESEARCH  FACILITY 
OF  THE  NATIONAL  BUREAU  OF  STANDARDS 


The  Automated  Manufacturing  Research  Facility  of  the 
National  Bureau  of  Standards 

J.  A.  Simpson,  R.  J.  Hocksn,  J.  8.  Albus,  Canter  for  Manufacturing  Enginaaring 

National  Enginaaring  Lat>oratory 
Washington,  D.C. 


•'•Reprinted  courtesy  of  the  author  and 
the  Society  of  Manufacturing  Engineers 
from  the  Journal  of  Manufacturing  Sys¬ 
tems,  Volume  1,  No.  1." 


Abstract _ 

A  major  facility  for  manufacturing  research 
is  being  established  at  the  National  Bureau  of 
Standards  (NBS).  The  facility  is  designed  to 
provide  extreme  flexibility  and  to  be  capable  of 
emulating  a  wide  variety  of  manufacturing  cells 
typical  of  a  small  machine  job  shop.  The  control 
architecture  adopted  is  hierarchical  in  nature 
and  highly  modular.  The  facility  will  be  used  for 
research  on  interface  standards  and  metrology 
in  an  automated  environment. 

Keywords:  Automated  Machining,  Hier¬ 
archical  Control.  Manufacturing  Research , 
Research  Facility. 

The  Congressional  Act*  setting  up  the  National 
Bureau  of  Standards  charges  the  Bureau  with: 

1 .  The  custody,  maintenance,  and  development 
of  the  national  standards  of  measurement,  and 
the  provision  of  means  and  methods  for  making 
measurements  consistent  with  those  standards. 

2.  Cooperation  with  other  government  agencies 
and  with  private  organizations  in  the  establish¬ 
ment  of  standard  practices,  incorporated  in 
codes  and  specifications. 

To  perform  these  functions,  the  Bureau  has, 
over  the  years,  installed  numerous  experimental 
facilities,  including  a  nuclear  research  reactor,  a 


linear  accelerator,  and  dead  weight  force  generators 
with  a  capacity  of  4.4  meganewtons.  The  National 
Bureau  of  Standards  has  recently  embarked  on  the 
design,  procurement,  and  installation  of  a  new 
Automated  Manufacturing  Research  Facility 
(AMRF)  to  support  its  measurement  and  standards 
responsibilities  in  the  decades  of  the  1980s  and 
1990s.  When  completed  in  1986,  this  facility  will  be 
capable  of  full-scale  emulation  of  the  flexible 
machining  cells  in  the  automated  factory  of  the 
future. _ 

Purpose  of  the  AMRF _ 

The  Automated  Manufacturing  Research  Faci¬ 
lity  will  reside  in  the  Center  for  Manufacturing 
Engineering  which  was  founded  to  supply  to  the 
mechanical  manufacturing  sector  the  services  des¬ 
cribed  in  the  enabling  legislation  and  to  carry  on  a 
research  program  to  develop  “means  and  methods” 
for  making  the  measurements  that  will  be  needed  by 
this  sector  in  the  future.  The  Center  currently 
provides  a  wide  range  of  calibration  services  for 
mechanical  artifact  standards  such  as  gage  blocks, 
thread  gages,  and  line  scales  as  shown  in  Figure  /. 

These  artifact  standards,  many  of  which  were 
developed  by  NBS  in  the  first  three  decades  of  this 
century,  are  idealized  models  of  the  products  to 


*Act  of  22  July  1950,  64  Slat.  371  (Public  Law  619, 81  Congreu)— An  Act  To  amend  lection  2  of  the  Act  of  March  3, 1901  (31  Stat. 
1449),  to  provide  basic  authority  for  the  performance  of  certain  function*  and  activities  of  the  Department  of  Commerce,  and  for  other 
purposes. 
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Figure  / 

Artifact  Standards  Typical  of  Ikon  now  CaUOnltd  by  NkS 
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which  they  are  compared.  The  comparisons  (cali¬ 
brations)  arc  organized  according  to  statistical 
quality  control  methods  developed  during  and 
immediately  after  World  War  11.  Artifacts  currently 
are  the  basis  for  the  National  Measurement  System 
which  provides  nation-wide  dimensional  compati¬ 
bility  by  a  chain  of  comparisons  back  to  National 
Standards.  The  system  has  remained  virtually 
unchanged  since  the  1940s,  except  for  the  intro¬ 
duction  in  the  1960s  and  70s  of  the  concepts  of 
Measurement  Assurance  Programs(MAP)1,  which 
emphasize  the  system  aspects  of  measurement  and 
introduced  the  concepts  of  closed  loop  feedback 
into  metrology  management. 

Manufacturing  technology,  however,  has  not 
remained  unchanged.  The  introduction  of  numeri¬ 
cally  con'rolled  machines,  group  technology  con¬ 
cepts,  and  the  first  steps  toward  Flexible  Manufac¬ 
turing  Systems  (FMS)  in  the  1960s  called  attention 


to  the  labor  intensive  nature,  high  skill  requirement, 
and  time  consumption  of  classic  metrology. 

The  first  effort  of  NBS  to  meet  the  up-coming 
challenge  was  in  1968  when  a  research  program  was 
mounted  to  investigate  the  possiblility  of  automating 
surface  plate  metrology  by  the  use  of  the  then  new 
computer  controlled  coordinate  measuring  machines 
(CMM).  A  decade  of  work  realized  a  measurement 
system  based  on  such  machines  where  the  “product- 
like"  artifact  standards  of  the  past  were  replaced 
with  measurement  protocols  based  on  laser  inter¬ 
ferometer  techniques  for  characterizing  the  mea¬ 
suring  system  (coordinate  measuring  machine)  itself. 
Transfer  standards  were  developed  that  permitted 
such  machine  or  process  characterization  to  be 
economically  realized  on  machines  of  lesser  but 
known  precision*.  The  three-dimensional  ball  plate 
on  the  tablt  of  the  CM  ivi  in  Figure  2  is  one  of  the 
latest  of  such  standards.  These  new  measurement 
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Figure  2 

Coordinate  Measurin'  Machine,  with  He-Ne  Laser  Scales  under 
Computer  Control,  Calibratin'  a  3-Dimensional  Ball  Plate  used  to 
Characterize  Similar  Machines  at  other  Locations 


methods  are  rapidly  becoming  the  norm  for  certain 
part  families.  These  families  are  medium  to  large  in 
size  and  complex-prismatic  in  nature,  and  hence 
similar  to  the  output  of  the  first  and  second 
generation  FMS. 

Even  before  this  work  was  completed,  it  became 
obvious  that  there  were  many  part  families  that  were 
ill-suited  to  measurement  by  CMM.  Small  parts, 
turned  parts,  and  very  simple  parts  are  all  either  very 
difficult  or  uneconomic  to  measure  in  this  manner. 
Moreover,  the  rapid  development  of  FMS,  with  the 
ability  to  reduce  inventory  by  shorter  runs,  casts 
doubi  on  the  continuing  usefulness  of  any  QC 
system  which  depends  on  statistical  sampling.  Along 
with  others,  NBS  became  convinced  that  the  QC 
system  of  the  future  would  increasingly  depend  on 
characterization  of  the  process,  monitoring  of  the 
machine  parameters,  and  adaptive  control  rather 
than  measurement  of  part  parameters  after  the 
process,  or  a  step  in  the  process,  was  complete.  Such 
a  development  will  require  NBS  to  provide  the 
“means  and  methods”  of  measurement  where  the 
measurements  are  deeply  embedded  in  the  process. 

G-3 


The  total  Bureau  experience  has  amply  demon¬ 
strated  that  one  cannot  learn  to  measure  without 
uhands  on”  experience,  and  every  attempt  to  attack 
measurement  problems  on  a  purely  theoretical  basis 
has  proved  less  than  satisfactory.  Therefore,  in 
cooperation  with  the  Bureau  of  Engraving  and 
Printing,  an  NC  machining  center  was  set  up  in  the 
NBS  Instrument  Shop  to  explore  the  measurement 
problems  involved  in  assuring  part  dimensional 
accuracies  by  machine  calibration.  It  was  soon 
shown  that  the  calibration  techniques  and  software 
correction  algorithms  for  static  errors  developed  on 
coordinate  measuring  machines  could  be  applied  to 
machine  tools  in  a  shop  environment.  A  five-fold 
increase  in  accuracy  was  demonstrated.  Figure  3 
illustrates  the  degree  of  correction  obtained  for  a 
milling  center. 

The  correction  of  dynamic  errors  such  as 
thermal  distortion  due  to  internally  generated  heat 
or  distortion  due  to  cutting  forces  needs  further 
research,  but  appears  to  present  no  insurmountable 
obstacles.  Certain  complex  dimensional  measure¬ 
ments  such  as  drill  condition  and  tool  setting  are 
needed,  but  modern  microcomputer  based  tech¬ 
nology  appears  adequate  to  the  task. 

The  AMRF  will  allow  research  in  measurement 
technology  to  be  expanded  to  include  those  system 
elements  at  the  cell  (multiwork  station)  level.  The 
AMRF  will  provide  a  test  bed  where  integrated 
manufacturing  system  measurement  research  can  be 
performed. 

The  AMRF  will  provide  a  test  bed  for  research 
directed  toward  the  “establishing  of  standard  prac¬ 
tices”.  If  flexible  manufacturing  systems  are  to 
become  widely  ffdoptc 1  in  the  discrete  parts  industry 
where  87%  of  the  firms  employ  less  than  50  persons, 
they  must  become  much  more  modular  then  they 
are  today.  It  must  become  possible  for  a  firm  to  start 
with  an  NC  machine,  add  a  robot,  add  another 
machine,  and  so  on  as  capital  is  accumulated  and  as 
the  firm’s  business  grows.  Systems  must  also  be 
capable  of  being  tailored  to  various  part  mixes 
without  extensive  engineering  effort.  However, 
before  this  degree  of  flexibility  can  be  accomplished, 
interface  standards  must  be  adopted  so  equipment 
of  diverse  origin  can  be  integrated  incrementally 
into  the  systems. 

The  first  steps  in  this  direction  have  already 
been  taken.  Under  Air  Force  Integrated  Computer 
Aided  Manufacturing  (1CAM)  sponsorship,  the 
NBS  coordinated  the  efforts  of  a  consortium  of  45 
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private  firms  to  generate  the  Initial  Graphic 
Exchange  Specification1  (1GES).  IGES  is  a  common 
public  domain  data  format  which  allows  geometric 
data  to  be  exchanged  between  two  different  types  of 
computer  aided  design  systems,  or  between  a 
computer  aided  design  and  a  computer  aided  manu¬ 
facturing  system.  IGES  thus  allows  access  to  the 
geometric,  data  bank  of  a  computer  aided  design 
system  without  the  necessity  of  producing  a  drawing. 
IGES  has  recently  been  incorporated  into  a  national 
standard  (ANSI  Y14.26M).  The  development  of 
this  standard  is  important  for  its  intrinsic  value;  but 
perhaps  more  important,  it  has  demonstrated  that 
such  interface  standards  can  be  structured  and 
generated  in  a  manner  which  provides  full  protection 
for  proprietary  interests.  The  AMRF  will  provide  a 


test  bed  for  the  development  of  similar  interface 
standards  for  integrated  manufacturing  systems.  It 
will  allow  the  test  and  verification  of  interface 
standards  in  an  open  and  nonproprietary  atmo¬ 
sphere. 


Description  cf  the  AMRF _ 

The  Automated  Manufacturing  Research  Faci¬ 
lity  will  superficially  resemble  a  FMS  designed  to 
handle  the  bulk  of  the  part  mix  now  manufactured 
in  the  NBS  Instrument  Shop.  This  part  mix  has  been 
studied  using  Group  Technology4  concepts  and  is 
shown  to  be  similar  to  a  typical  job  shop.  The  parts 
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manufactu  ed  will  fall  within  the  following  limita¬ 
tions: 

1.  Weight:  Less  than  SO  kilograms  (100  lbs). 

2.  Size,  Prismatic:  300  mm  cubes  (12*  x  12*  x 
12*). 

3.  Size,  Rotational:  250  mm  diameter  x  250  mm 
length  (10*  x  10*). 

4.  Parts  Run:  1  to  1,000  pieces. 

5.  Complexity:  Up  to  4  axes  prismatic. 

6.  Materials:  Steel,  stainless  steel,  aluminum, 
brass,  iron,  lucite. 

The  AMRF  and  the  research  performed  on  it 
will  address  only  the  manufacture  of  individual 
parts  by  chop  forming  metal  rer  oval.  Hence,  the 
unit  operations  will  include  only:  fixturing,  milling, 
drilling,  reaming,  tapping,  boring,  turning,  facing, 
threading,  cleaning,  deburring,  and  inspection.  Such 
problems  as  automated  assembly,  welding,  harden" 
ing,  and  finishing  will  not  be  addressed. 

T  he  AM  RF  hardware  is  structured  around  the 
concept  of  single  self-contained  work  stations,  each 
with  a  well  defined  set  of  functions  which  can  be 
useful  as  a  stand-alone  entity.  The  current  plan  calls 
for  the  existence  of  eight  such  stations  with  varying 
degrees  of  complexity  of  function.  They  are: 

1 .  Horizontal  Machining  Station. 

2.  Vertical  Machining  Station. 

3.  Turning  Station. 

4.  Cleaning  and  Deburring  Station. 

5.  Inspection  Station. 

6.  Materials  Inventory  Station. 

7.  Transfer  System  (station). 

8.  Housekeeping  System  (station). 

Items  7  and  8,  the  Transfer  and  the  Housekeep¬ 
ing  Systems  are  not  strictly  stations  since  they  are 
nonlocalized  in  the  facility.  From  the  point  of  view 
of  the  control  system,  however,  they  will  be  treated 
as  stations. 

The  Materials  Inventory  Station  will  be  used 
as  a  buffer  to  allow  storage  of  sufficient  material  for 
several  days  of  operation  and  an  automatic  inven¬ 
tory  for  much  of  tne  raw  material  requirements  of  a 
job  shop.  If  such  a  system  were  to  serve  simply  as  a 
buffer,  ony  three  or  four  days  storage  would  be 
required,  that  is,  enough  for  automatic  operation 
through  a  long  weekend.  Since  it  is  not  the  purpose 
of  this  program  to  study  such  systems  per  se,  one 
week  of  storage  was  chosen  as  a  reasonable  trade  off 
between  the  requirements  of  the  simple  buffer  (or 
interface  to  the  manual  world)  and  a  much  more 


elaborate  total  system  inventory.  At  this  stage  we 
plan  to  use  the  inventory  system  for  the  storage  of 
raw  material  blanks,  toots  and  tool  holders 
(assembled),  special  fixtures,  and  finished  parts  or 
parts  in-process.  The  inventory  system  will  be 
loaded  and  unloaded  manually  while  the  facility  is 
in  operation. 

The  Materials  Transport  System  will  provide 
the  means  of  moving  parts.,  tooling,  and  fixtures 
within  the  facility.  Two  mechanisms  will  be  used. 
One,  a  carousel,  will  also  serve  as  the  inventory 
system.  The  second,  a  robot  can  or  automated 
guided  vehicle  (AGV),  will  allow  great  flexibility  in 
layout  and  easy  access  to  the  machines1.  Although, 
the  transfer  system  itself  is  not  seen  as  a  primary 
research  area  for  NBS,  the  interfaces  between  the 
work  stations  and  the  transfer  system  will  be 
designed  to  accommodate  many  different  types  of 
systems  as  well  as  other  options  in  order  to  maintain 
modularity. 

The  machine  tools  were  chosen  to  be  represen¬ 
tative  of  the  types  of  general  purpose  machine  tools 
in  common  use  throughout  the  U.  S.  The  choice  also 
matches  the  specific  needs  of  the  NBS  Instrument 
Shops  as  revealed  by  the  Group  Technology  Study. 
Each  of  the  machines  will  be  configured  into  a  work 
station  with  a  single  industrial  robot. 

NBS  has  chosen  to  use  standard,  modern, 
general  purpose  machine  tools  in  the  cor",ruction 
of  the  AMRF.  This  is  a  different  strategy  than  that 
taken  by  two  other  well  known  national  programs  in 
automated  batch  manufacturing,  the  British  A.S.P. 
plan',  and  the  Japanese  MUM  or  FMC  plan7.  Both 
of  these  other  programs  have  assumed  a  priori  that 
current  machine  tool  designs  are  inadequate  for  an 
automated  research  facility.  However,  based  on  an 
international  study  of  the  state-of-the-art  in  machine 
tool  science1,  NBS  has  decided  that  this  assumption 
is  highly  questionable.  We  have  chosen  to  rely  on 
the  engineering  experience  of  a  well-developed 
industry  rather  than  a  radical  new  design.  Should 
problems  arise  in  reliability,  reparabilitv,  and  chip 
removal,  we  plan  to  subcontract  any  needed  modi¬ 
fications  to  the  same  industry. 

Cleaning  and  deburring  was  made  into  a 
separate  function  (and  station)  because  of  the 
importance  of  this  task  for  automatic  inspection.  As 
many  deburring  operations  as  possible  will  be 
carried  out  at  the  machining  site.  Nevertheless,  there 
appears  to  be  no  way  to  avoid  cleaning  and 
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deburring  as  a  separate  operation  in  all  cases. 
Studies  have  revealed  that  the  cost  for  cleaning  and 
deburring  in  batch  manufacturing  is  high  and  often 
unrecognized*. 

The  Inspection  Station  will  be  a  modified  four 
axes  horizontal  arm  measuring  machine  tended  by  a 
robot.  It  will  be  very  similar  to  the  machining  work 
stations  from  the  control  point-of-view.  This 
configuration  was  chosen  primarily  for  flexibility  in 
use. 

The  Housekeeping  System  will  provide  for  the 
removal  of  chips  during  automated  operation. 
Cleanliness  during  manufacturing  and  fixturing, 
and  the  effects  of  cutting  fluid  and  chips  (dust)  on 
sensors  have  been  serious  problems  in  many  of  the 
existing  FMS  systems10.  In  the  AM  RF,  chip  removal 
is  expected  to  be  complicated  by  the  variety  of 
materials,  the  large  number  of  sensors  contemplated, 
and  the  decision  to  address  the  flexible  fixturing 
problem  robotically  at  the  machines.  A  plan 
regarding  chip  removal  is  being  developed  at  this 
time  through  both  external1  l,,J  and  internal  studies. 


This  system  will  be  kept  as  simple  as  possible  with 
little  attempt  to  optimize  for  long  unattended  runs. 

Layout  for  the  facility  is  shown  in  Figure  4 . 
This  configuration  allows  easy  access  to  the 
machines,  and  the  transfer  mechanism  can  be  either 
the  automatically  guided  vehicle  system  or  the 
central  carousel  system.  Coolant  and  cutting  fluid 
are  recycled  at  the  machine.  Buffering  is  provided  to 
the  machines  through  the  row  of  “file-cabinets” 
which  make  up  the  carousel  shown  in  the  center  of 
the  model. 

The  three  robots  in  the  lower  right  are  part  of 
the  cleaning  and  deburring  station.  The  separate 
room  at  the  upper  right  is  the  inspection  station.  The 
four  machining  stations  each  consist  of  an  industrial 
robot,  a  machine  tool,  a  localized  inventory  of  tools, 
fixtures,  grippers  (end  effectors),  probes,  and  inter¬ 
faces  to  the  transfer  and  housekeeping  systems. 

The  proposed  operational  scenario  places 
severe  requirements  upon  the  work  station  and  its 
subelements.  Some  of  these  are  necessitated  by  the 
decision  not  to  palletize  and  others  by  the  wide  part 


Figurt  4 

Model  of  AMRF  Showing  Location  In  Inatmmtnt  Shop. 
The  centrally  located  carousel  will  be  uied  to  convey  material, 
took  and  finished  parti.  For  purposes  of  environmental  control 
the  measuring  station  is,  as  shown,  in  a  separate  room. 
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mix  environed.  The  tools  and  material  arriving  at  a 
work  station  will  not  be  precisely  located  in  space. 
This  ’  ill  require  advances  in  the  state-of-the-art 
over  current  industrial  robot  capabilities.  The  robot 
capabilities  will  also  be  stretched  by  the  requirement 
of  fixturing  on  the  machine.  The  problems  of  chip 
buildup  and  tool  wear  will  be  aggravated  by  the 
material  and  part  mix  contemplated.  It  is  our  belief 
that  those  requirements  will  be  the  norm  in  second 
generation  FMS  systems  which  will  be  available  in 
the  1990s. 

Table  1  gives  a  partial  list  of  the  functions 
required  of  the  robots  and  machine  tools  in  the 
AMRF.  As  can  been  seen,  it  is  intended  that  the 
industrial  robot  be  able  to  locate  parts,  tools  and 
fix* u res,  transfer  thes'  items  to  the  machine  tool, 
fixture  the  part,  and  monitor  the  process  while 
machining  is  carried  out  Thus  the  robot  will  have 
extended  sensory  capabilities,  the  ability  to  precisely 
grip  and  position  variable  shapes,  and  considerable 
manipulative  ability  to  fixture  the  parts  upon  the 
machine  tool.  In  general,  solutions  to  these  problems 
are  more  difficult  for  prismatic  than  for  cylindrical 
workpieces. 

To  the  best  of  our  knowledge,  no  one  has 
addressed  the  flexible  fixturing  problem  in  any 
depth  though  some  very  elaborate  and  expensive 
solutions  have  been  proposed  by  Tuffensammer13. 
Tool  setting  on  machining  centers  is  in  a  similarly 
unde>  eloped  stage,  as  is  generic  tool  wear/ breakage 
sensing14.  Our  project  plan  has  been  to  delineate  as 
carefully  as  possible  those  areas  requiring  develop¬ 
ment,  research  carefully  the  state-of-the-art  in  these 
areas,  and  if  required,  initiate  research  directed 
towards  the  appropriate  goal(s). 

At  present  the  Center  for  Manufacturing 
Engineering  has  two  projects,  one  in  robotics,  the 
other  in  precision  machining.  These  projects  arc 
diiected  towards  the  development  of  the  major 
subsystems  required  for  the  AMRF.  The  integration 
of  these  two  programs  will  take  place  first  in  the 
Horizontal  Machining  Work  Station  which  will  be 
the  first  work  station  *o  be  assembled.  The  archi¬ 
tecture  and  control  system  hardware  for  this  work 
station  will  serve  as  a  model  for  the  other  four 
generically  similar  work  stations. 

Although  it  is  recognized  that  there  are 
important  problems  of  CAD/CAM  integration  to 
be  solved,  the  current  plans  do  not  include  work  in 
this  area.  Production  and  process  planning  systems 


Table! 

Function*  of  the  Work  Station  Subslsmsnt* 
Robots  Arm  Function* 

1.  Part  loading  and  unloading. 

2.  Tool  loading  and  unloading. 

3.  Rough  (±  SO  mil)  part  fixturing  or  fixture 
atsembly. 

4.  Chip  removal  and  control. 

3.  Coarse  visual  inspection  of  fixtures  and  parts. 

6.  Initial  part  and  tool  location. 

7.  End  effector  selection. 

8.  Deburring  and  cleaning  (only  as  needed  for  next 
operation). 

9.  Safety. 

10.  Self-monitoring. 

Machine  Tool  Functions 

1.  Machining. 

2.  Part  locations. 

3.  Tool  wear/ breakage  sensing. 

4.  Tool  setting/ checking. 

5.  Process  monitoring  (cutting). 

a.  Dynamics. 

b.  Thermal. 

c.  Hydraulics  (etc.) 

6.  Self-monitoring. 

7.  Deburring  and  cleaning  (as  part  of  the  machining 
operation). 

8.  Adaptive  control. _ 


needed  to  load  the  facility  will  be  the  largely  manual 
processes  currently  used  for  the  NC  station  of  the 
instrument  shop. 


Control  Architecture  of  the  AMRF 

In  order  for  the  AMRF  to  serve  as  a  research 
facility  over  the  next  decade,  it  must  exhibit  a  higher 
order  of  flexibility  than  any  currently  available 
FMS.  It  must  not  only  be  capable  of  very  wide  part 
mix,  but  must  also  be  capable  of  easy  reconfigura¬ 
tion  to  emulate  work  stations  or  small  cells  operating 
in  ths  environment  of  a  much  larger  and  perhaps 
unmanned  system.  To  accomplish  these  goals 
requires  a  control  system  architecture  of  consider¬ 
able  sophistication.  The  conventional  Direst 
Numerical  Control  (DNC)  top  down  architecture 
was  judged  to  be  unsuitable,  primarily  because  of 
the  inability  of  such  a  system  to  react  to  feedback 
from  sensors  in  real-time.  In  order  for  an  entire 
machine  shop  to  completely  operate  automatically, 
all  the  machines  must  be  equipped  with  sensors  to 
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monitor  their  performance  and  compensate  for 
irregularities  and  uncertainties  in  the  work 
environment.  The  sensor  data  must  be  processed 
and  analyzed,  and  the  results  introduced  into  the 
machine  control  systems  in  real-time  so  that  the 
response  of  each  machine  is  goal-directed,  reliable, 
and  efficient. 

a  high  degree  of  sensory-interactive  behavior 
on  the  part  of  individual  machines  creates  enormous 
system  control  proMems  for  an  entire  shop.  The 


problem  of  automatically  controlling  a  number  of 
feedback  driven  machine  tools  is  much  bigger  than 
simply  the  sum  of  the  control  problems  for  the 
individual  machines.  The  interactions  among  many 
sensory-interactive  machines  creates  a  system 
control  problem  in  which  complexity  grows  expo¬ 
nentially  with  the  number  of  individual  machines 
and  sensor  systems.  Once  there  are  more  than  a  few 
machines,  each  reacting  to  sensor  data  in  real-time, 
the  overall  system  control  problem  can  become 
completely  unmanageable.  This  is  the  point  at 
which  most  of  the  early  attempts  at  building  the 
automate  machine  shop  failed.  The  control  software 
for  such  a  system  can  become  enormously  complex 
to  write  and  virtually  impossible  to  debug.  The 
classical  solution  to  control  problems  of  this 
complexity  is  to  partition  the  problem  into  modules 
and  introduce  some  type  of  hierarchical  command 
and  control  structure.  The  advantage  of  hierarchical 
control  is  that  it  allows  the  control  problem  to  be 
partitioned  so  as  to  limit  the  complexity  of  any 
module  in  the  hierarchy  to  manageable 'limits, 
regardless  of  the  complexity  of  the  entire  structure. 

The  use  of  hierarchical  control  for  industrial 
applications  is  not  new.  It  has  been  employed  in 
controlling  complex  industrial  plants  such  as  steel 
mills,  oil  refineries,  and  glass  works  for  years. 
However,  such  hierarchies  are  usually  limited  to  two 
or  three  levels  and;  most  often  represent  fairly 
straightforward  servo  control  applications.  The 
uniq  features  of  the  control  system  being  planned 
forthe  AMRF  are  the  number  of  hierarchical  levels 
(perhaps  as  many  as  seven  or  eight),  and  the  amount 
of  real-time  computation  and  sensory-interaction  at 
each  level.  Each  hierarchical  level  will  perform  a 
significant  amount  of  real-time  computation  and 
will  interact  dynamically  with  the  shop  environment 
in  many  different  ways.  The  plan  is  to  build  a  real¬ 
time  sensory-interactive  control  system  which  at  the 
lower  levels  will  respond  to  events  of  millisecond 
duration  (tight  servo  loops),  and  at  the  upper  levels 
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wilt  react  to  events  of  days  or  weeks  duration 
(production  planning  and  scheduling  problems). 
The  levels  in  between  these  extremes  will  produce 
intelligent  automatic  responses  to  many  different 
types  of  shop  floor  conditions  and  situations. 

Figure  5  illustrates  the  basic  logical  and 
temporal  relationships  in  a  hierarchical  computing 
structure.  This  particular  example  illustrates  the 
control  structure  for  an  industrial  robot.  However, 
the  concepts  are  readily  generalized  and  will  be 
applied  to  the  entire  AMRF. 

On  the  left  of  Figure  5  is  an  organizational 
hierarchy  wherein  computing  modules  are  arranged 
in  layers.  The  basic  structure  of  the  organizational 
hierarchy  is  a  tree.  The  flow  of  command  and 
control  is  vertical.  Each  node  in  the  tree  represents  a 
computing  module  which  receives  input  commands 
from  only  one  supervisor  module  (predecessor 
node)  and  issues  subcommands  to  one  or  more 
subordinate  modules  (successor  nodes).  There  may 
be  information  flow  regarding  sensory  inputs  and 
internal  contextual  and  sequencing  data  that  flow 
horizontally  and/or  rise  from  lower  levels  in  a  cross- 
coupled  network  of  communication  channels,  but 
the  primary  command  and  control  pathways  form  a 
strict  hierarchical  tree. 

At  the  top  of  the  hierarchy  is  a  single  high-level 
computer  module.  Here  at  the  highest  level,  most 
global  goals  are  decided  upon  and  long-range 
strategy  is  formulated.  Feedback  to  this  level  is 
integrated  over  an  extensive  time  period  and  is 
evaluated  against  long-range  objectives.  Here  long- 
range  plans  are  formulated  to  achieve  the  highest 
priority  objectives.  Decisions  made  at  this  highest 
level  commit  the  entire  hierarchical  structure  to  a 
unified  and  coordinated  course  of  action  which 
would  result  in  the  selected  goal  or  goals  being 
achieved.  At  each  of  the  lower  levels,  computing 
modules  decompose  their  input  commands  in  the 
context  of  feedback  information  generated  from 
other  modules  at  the  same  or  lower  levels,  or  from 
the  external  environment.  Sequences  of  subcom¬ 
mands  are  then  issued  to  sets  of  subordinates  at  the 
next  lower  level.  This  decomposition  process  is 
repeated  at  each  successively  lower  hierarchical 
level,  until  at  the  bottom  of  the  hierarchy  there  is 
generated  a  set  of  coordinated  sequence  of  primitive 
actions  which  drive  individual  actuators  such  as 
motors  of  hydraulic  pistons  in  generating  motions 
and  forces  in  mechanical  members. 

Each  chain-of-command  in  the  organizational 
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hierarchy  consists  of  a  computational  hierarchy  of 
the  form  shown  in  the  center  of  Figure  5.  This 
computational  hierarchy  contains  three  parallel 
hierarchies:  (1)  a  task  decomposition  hierarchy 
which  decomposes  high-level  tasks  into  low  level 
actions,  (2)  a  sensory  processing  hierarchy  which 
processes  sensory  data  and  extracts  the  information 
needed  by  the  task  decomposition  modules  at  each 
level  and  (3)  a  world  model  hierarchy  which  gene¬ 
rates  expectations  of  what  sensor  data  should  be 
expected  at  each  level  based  on  what  subtask  is 
currently  being  executed  at  that  level. 

Each  level  of  the  task  decomposition  hierarchy 
consists  of  a  processing  unit  which  contains  a  set  of 
procedures,  functions,  or  rules  for  decomposing 
higher  level  input  commands  into  a  string  of  lower 
level  output  commands  in  the  context  of  feedback 
information  from  the  sensory  processing  hierarchy. 
At  every  time  increment  each  H  module  in  the  task 
decomposition  hierarchy  samples  its  inputs  (com¬ 
mand  input;  from  the  next  higher  level  and  feedback 


from  the  sensory  processing  module  at  the  same 
level)  and  confutes  an  appropriate  output.  A 
detailed  description  of  such  a  system  as  applied  to 
robots  has  been  published  elsewhere15,14,17. 

The  sophisticated  real-time  use  of  sensor  data 
for  coping  with  unc  nainty  and  recovering  from 
errors  requires  that  »*nsory  information  be  able  to 
interact  with  the  control  system  at  many  different 
levels  with  many  different  constraints  on  speed  and 
timing.  Thus  in  general,  sensory  information  at  the 
higher  levels  is  more  abstract  and  requires  the 
integration  of  data  over  longer  time  intervals. 
However,  behavioral  decisions  at  the  higher  levels 
need  to  be  made  less  frequently,  and  therefore  the 
greater  amount  of  sensory  processing  required  can 
be  tolerated. 

Attempting  to  deal  with  this  full  range  cf 
sensory  feedback  in  all  of  its  possible  combinations 
at  a  single  level  leads  to  extremely  complex  and 
inefficient  programs.  The  processing  of  sensor  data, 
particularly  vision  data,  is  inherently  a  hierarchical 
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process.  Only  if  the  control  system  is  also  partitioned 
into  a  hierarchy  can  the  various  levels  of  feedback 
information  be  introduced  into  the  appropriate 
control  levels  in  a  simple  and  straightforward 
manner. 

The  world  model  hierarchy  contains  prior 
knowledge  about  the  task,  the  parts,  and  the  work 
environment.  Typically,  the  type  of  feedback  infor¬ 
mation  required  by  the  task  decomposition  modules 
at  each  level  depends  upon  what  task  is  being 
performed.  As  conditions  change,  different  sensors, 
different  resolutions,  and  different  processing 
algorithms  may  be  needed.  Given  the  state  of  the 
task  execution  at  each  level,  *e  world  model  can 
predict  what  kind  of  sensory  processing  algorithms 
should  be  applied  to  the  incoming  data.  Further¬ 
more,  sensor  data  can  often  be  predicted  from  the 
actions  being  executed  by  the  control  system. 

The  world  model  generates  expectations  as  to 
what  the  sensor  data  should  look  like.  These 
predictions  may  be  based  on  previous  experience 
when  a  similar  task  was  performed  on  a  similar  part, 
or  may  be  generated  from  a  Computer  Aided 
Design  (CAD)  data  base  which  contains  a  geo¬ 
metrical  representation  of  the  part.  The  world 
model  hierarchy  may  contain  information  as  to  the 
shape,  dimensions,  and  surface  features  of  parts  and 
tools  and  may  even  indicate  their  expected  position 
and  orientation  in  the  work  environment.  This 
information  assists  the  sensory  processing  moaules 
in  selecting  processing  algorithms  appropriate  to 
the  expected  incoming  sensor  data,  and  in  correlat¬ 
ing  observations  against  expectations.  The  sensory 
processing  system  can  thereby  detect  the  absence  of 
expected  events  and  measure  deviations  between 
what  is  observed  and  what  is  expected. 

Feedback  can  be  used  by  the  task  decomposi¬ 
tion  hierarchy  either  to  modify  action  so  as  to  bring 
sensory  observations  into  correspondence  with 
world  model  expectations,  or  to  change  the  input  to 
the  wo, Id  model  so  as  to  pull  the  expectations  into 
correspondence  with  observations.  In  either  case, 
once  a  match  is  achieved  between  the  two,  the  task 
decomposition  hierarchy  can  act  on  information 
contained  in  the  model  which  cannot  be  obtained 
from  direct  observation.  For  example,  a  robot 
control  system  may  use  model  data  to  reach  behind 
an  object  and  grasp  another  object  which  is  hidden 
from  view. 

If  the  symbolic  commands  generated  at  each 


level  of  the  task  decomposition  hierarchy  are 
represented  as  points  in  the  multidimensional 
“state-space"  consisting  of  the  coordinates  of  all  the 
degrees  of  freedom  of  the  machine  or  robot,  and 
these  points  are  plotted  against  time,  the  behavioral 
hierarchy  shown  on  the  right  of  Figure  5  results.  The 
lowest  level  trajectories  of  the  behavioral  hierarchy 
correspond  to  observable  output  behavior.  All  the 
other  trajectories  constitute  the  structure  of  condi¬ 
tions  deep  within  the  control  programs. 

At  each  level  in  the  behavioral  hierarchy,  the 
string  of  commands  makes  up  a  program.  This 
architecture  implies  that  there  is  a  programming 
language  unique  to  each  level  of  a  hierarchial 
control  system,  and  that  the  procedures  executed  by 
the  computing  modules  at  each  level  are  written  in  a 
language  unique  to  that  level.  This  partitioning  of 
the  contrui  problem  into  hierarchial  levels  limits  the 
complexity  of  the  programming  language  and  the 
programs  at  each  level  It  also  generates  a  whole 
hierarchy  of  languages  for  programming  the  robots, 
machine  tools,  and  inspection  systems,  and  for 
performing,  planning  and  scheduling  operations.  It 
is  to  be  noted  that  such  a  hierarchy  lends  itself  to  the 
utilization  of  IGES-type  interlace  standards  at  each 
level. 

If  the  control  problem  is  further  partitioned 
•long  the  time  axis,  an  additonal  degree  of  simplicity 
can  be  achieved.  If  time  is  panitioned  into  a  finite 
number  of  computational  periods,  each  computa¬ 
tional  module  can  be  represented  as  a  finite-state 
machine.  At  every  time  ir,.erval,  each  computational 
module  samples  its  inputs  (command  and  feedback) 
and  computes  an  output.  The  programs  resident  in 
each  of  the  computational  modules  then  oecome 
simple  functions  which  can  be  represented  by 
formulae  of  the  form  P=H(S),  or  by  a  set  or 
production  rules  of  the  form  IF<S>/THEN<P>. 
The  control  structure  becomes  a  simple  search  of  a 
state  transition  table. 

Each  entry  in  the  state-table  represents  an 
IF/THEN  rule,  sometimes  called  a  production. 
This  construction  makes  it  possible  to  define 
behavior  of  high  complexity.  An  idea)  task  per¬ 
formance  can  be  defined  in  terms  of  the  sequence  of 
states  and  state  transition  conditions  that  take  place 
during  the  ideal  performance.  Deviations,  from  the 
ideal  can  be  incorporated  by  simply  adding  the 
deviant  conditions  to  the  left-hand  side  of  the  state- 
table  and  the  appropriate  action  to  be  taken  to  the 
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right-hand  side.  Any  conditions  not  explicitly 
covered  by  the  table  results  in  an  “I  don't  know  what 
to  doM  failure  routine  being  executed.  Whenever 
that  occurs,  the  system  simply  stops  and  asks  for 
instructions.  If  the  condition  can  be  corrected,  a 
human  programmer  can  enter  a  few  more  rules  into 
the  state-table  and  the  system  can  continue.  By  this 
means,  the  system  gradually  learns  how  to  handle  a 
larger  and  larger  range  of  problems.  This  extensi¬ 
bility  of  the  system  to  new  problems  is  essential  in  a 
research  facility  which,  by  its  very  nature,  will 
usually  oprate  at  the  very  limits  of  the  current  state 
of  knowledge. 

Such  a  finite-state  machine  hierarchical  control 
system  has  been  implemented  on  a  microcomputer 
network.  This  network,  shown  in  Figure  6  has  been 
under  evaluation  as  a  control  system  for  the  robots 
in  the  AMRF'\ 


The  logical  structure  of  Figure  5  is  mapped 
into  the  physical  structure  of  Figure  6.  The 
coordinate  transformations  of  Figure  5  are  imple¬ 
mented  in  one  of  the  microcomputers  of  Figure  6. 
The  elemental  move  trajectory  planning  is  imple¬ 
mented  in  a  second  microcomputer  of  Figure  6.  The 
processing  of  visual  data  is  accomplished  in  a  third 
microcomputer,  and  the  processing  for  force  and 
touch  data  in  a  fourth  microcomputer.  A  fifth 
microcomputer  provides  communication  with  a 
minicomputer  wherein  reside  additional  modules  of 
the  control  hierarchy.  It  is  anticipated  that  these  will 
eventually  be  embedded  in  a  sixth  microcomputer. 

Communication  from  one  module  to  another 
is  accomplished  through  a  common  memory  “mail 
drop"  system.  No  two  microcomputers  communi¬ 
cate  directly  with  each  other.  This  means  that 
common  memory  contains  a  location  assigned  to 
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every  element  in  the  input  and  output  vectors  of 
every  module  in  the  hierarchy.  No  location  in 
common  memory  is  written  into  by  more  than  one 
computing  module,  but  any  number  of  modules 
may  read  from  any  location. 

Time  is  sliced  into  28  millisecond  increments. 
At  the  beginning  of  each  increment,  each  logical 
module  reads  its  set  of  input  values  from  the 
appropriate  locations  in  common  memory.  It  then 
computes  its  set  of  output  values  which  it  writes 
back  into  the  common  memory  before  the  28 
millisecond  interval  ends.  Any  of  the  logical  modules 
which  do  not  complete  their  computations  before 
the  end  of  the  28  millisecond  interval  write  extra* 
polated  estimates  of  their  output  accompanied  by  a 
flag  indicating  that  the  data  is  extrapolated.  The 
process  then  repeats. 

Each  logical  module  is  thus  a  state-machine 
whose  outputs  depend  only  on  its  present  inputs  and 
its  present  internal  state.  None  of  the  logical  modules 
admit  any  interrupts.  Each  starts  its  read  cycle  on  a 
clock  signal,  computes  and  writes  its  output,  and 
waits  for  the  next  clock  signal.  Thus,  each  logical 
module  is  a  finite-state  machine  with  the  IF/  THEN, 
or  P=H(S)  properties  of  an  arithmetic  function. 

The  common  memory  “mail  drop"  communi¬ 
cation  system  has  a  number  of  advantages  and 
disadvantages.  One  disadvantage  is  that  it  takes  two 
data  transfers  to  get  information  from  one  module 
to  another.  However,  this  is  offset  by  the  simplicity 
of  the  communication  protocol.  No  modules  talk  to 
each  other  so  there  is  no  handshaking  required.  In 
each  2%  millisecond  time  slice,  all  modules  read  from 
common  memory  before  any  are  allowed  to  write 
their  outputs  back  in. 

The  use  of  common  memory  data  transfer 
means  that  the  addition  of  each  new  state  variable 
requires  only  a  definition  of  where  the  newcomer  is 
to  be  located  in  common  memory.  This  information 
is  needed  only  by  the  module  which  generates.it  so 
that  it  knows  where  to  write  it,  and  by  the  modules 
which  read  it  so  that  they  know  where  to  look.  None 
cf  the  other  modules  need  know,  or  c&re,  when  such 
a  change  is  implemented.  Thus,  new  microcomputers 
can  easily  be  added,  logical  modules  can  be  shifted 
from  one  microcomputer  to  another,  new  functions 
can  be  added,  and  even  new  sensor  systems  can  be 
introduced  with  little  or  no  effect  on  the  rest  of  the 
system.  As  long  as  the  bus  has  surplus  capacity,  the 
physical  structure  of  the  system  can  be  reconfigured 
with  no  changes  required  in  the  software  resident  in 


the  logical  modules  not  directly  involved  in  the 
change. 

Furthermore,  the  common  memory  always 
contains  a  readily  accessible  map  of  the  current  state 
of  the  system.  This  makes  it  easy  for  a  system 
monitor  to  trace  the  history  of  any  or  all  of  the  state 
variables,  to  set  break  points,  and  to  reason 
backwards  to  the  source  of  program  errors  or  faulty 
logic. 

The  read-compute-write-wait  cycle  wherein 
each  module  is  a  state-machine  makes  it  possible  to 
stop  the  process  at  any  point,  to  single  step  through 
a  task,  and  to  observe  in  detail  the  performance  of 
the  control  system.  This  is  extremely  important  for 
program  development  and  verification  in  a  sophisti¬ 
cated,  real-time,  sensory-interactive  system  in  which 
many  processes  are  going  on  in  parallel  at  many 
different  hierarchical  levels. 

The  hierarchical  control  structure  just  des¬ 
cribed  is  a  generic  concept  which  can  be  extended  to 
apply  to  a  wide  variety  of  automated  manufacturing 
systems  NBS  plans  to  use  this  conceptual  frame¬ 
work  for  the  control  system  and  data  base  archi¬ 
tecture  for  the  AMRF.  Figure  7  is  a  block  diagram 
of  the  control  system  planned  for  the  AMRF.  The 
square  boxes  arranged  in  the  hierarchical  structure 
in  the  center  of  the  figure  represent  the  task 
decomposition  modules  at  the  various  levels  of 
control. 

At  the  lowest  level  in  this  hierarchy  are  the 
individual  robots,  N/C  machining  centers,  smart 
sensors,  robot  carts,  conveyors,  and  automatic 
storage  and  retrieval  systems,  each  of  which  may 
have  its  own  internal  hierarchical  control  system. 
The  bottom  row  of  boxes  represents  the  control 
systems  for  these  individual  machines.  The  small 
subboxes  labeled  S  and  C  correspond  to  the  sensory 
and  command  interfaces  to  these  control  systems. 
The  command  input  to  the  robot  in  Figure  7 
corresponds  to  the  H3  Elemental  Move  Module 
input  in  Figure  5. 

The  bottom  row  of  control  modules  in  Figure  7 
is  organized  into  work  stations  under  the  second 
row  of  work  station  control  modules.  A  work 
station  may  consist  of  a  machine  tool,  a  robot,  and  a 
set  of  smart  sensors.  It  may  also  consist  ol  a  set  of 
robot  carts,  or  an  automatic  storage  and  retrieval 
system  with  its  associated  robot.  A  machine  work 
station  control  module  accepts  input  commands  of 
the  form  < MACHINE  PART  X>.  A  material 
handling  work  station  may  accept  commands  of  the 
-12 
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form  <MOVE  TRAY  Y  TO  WORK  STATION  behavior  of  the  work  station  to  adapt  to  unexpected 

Z>.  The  machine  work  station  controller  decom-  conditions  such  as  broken  tools  or  defective  or 
poses  its  commands  into  sequences  of  subcommand «  missing  parts. 

to  the  machine  controllers  of  the  form  <FETCH  Several  work  station  control  units  are  organ- 

PART  X>,  <1NSERT  X  IN  FIXTURE  Y>,  ized  under  and  receive  input  commands  from  a  cell 

<EXECUTIVE  CUTTING  PROGRAM  Z> ,  control  unit.  The  cell  controller  schedules  jobs, 

<CLEAR  CHIPS>,  etc.  The  material  handling  routes  parts  and  tools  to  the  proper  machines,  and 

work  station  decomposes  its  commands  into  balances  the  workload  among  the  work  stations 

sequences  of  subcommands  of  the  form  <D1S-  under  its  control.  The  cell  controller  makes  sure  that 

PATCH  CART  A  TO  PICKUP  STATION  B>,  each  machine  has  the  proper  tools  at  the  proper  time 

etc.  In  both  cases,  the  decomposition  is  performed  to  perform  the  required  work  on  each  part, 

in  the  context  of  feedback  information  that  is  passed  Programs  in  the  cell  controller  are  also  written 

through  the  factory  status  data  base  shown  on  the  in  state-table  form  and  can  contain  any  number  of 

left  of  Figure  7.  rules  for  adapting  to  error  conditions  such  as  tool 

The  work  station  controllers  may  contain  failures  or  changing  priorities, 
programs  written  in  the  for.  j  of  state-tables,  or  Several  cells  could  be  organized  under  a  shop 

production  rules.  This  formulation  will  allow  the  control  unit.  However,  the  AMRF  initially  at  least, 
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will  be  considered  as  a  single  cell,  and  hence  only 
one  cell  controller  is  planned.  The  possibility  exists 
for  either  further  expansion  of  the  AMRF  or 
emulation  of  other  cells  if  the  research  task 
demands  it. 

There  are  two  data  bases  planned  for  the 
AM  RF.  On  the  right  of  Figure  7  is  a  Part  Data  Base 
which  contains  design  data  such  as  part  dimensions, 
desired  grip  points  for  robot  handling,  group  tech¬ 
nology  codes,  and  material  and  tooling  require¬ 
ments.  A  second  section  of  the  right-hand  data  base 
contains  process  plans  for  routing  and  scheduling 
and  robot  handling  as  well  as  cutter  location  data 
files  needed  for  performing  the  various  machining 
operations.  These  process  plans  are,  in  fact,  the 
programs  required  at  the  various  levels  of  the 
control  hierarchy  in  order  to  perform  the  necessary 
manufacturing  operations.  Thus,  the  right-hand 
data  base  is,  in  part,  a  program  library  which 
contains  the  control  programs  needed  by  the  control 
modules  at  the  various  levels  of  the  control 
hierarchy.  A  third  section  of  the  right-hand  data 
base  contains  data  related  to  feeds  and  speeds  which 
may  be  changed  as  a  result  of  sensed  conditions  in 
the  factory  environment. 

When  an  order  is  entered  into  the  shop  control 
module,  the  prr  -.ess  plan  to  make  that  part  is  called 
in  from  the  right-hand  data  base.  The  process  plan  is 
hierarchically  structured  so  that  at  the  top  there  is 
only  the  name  of  the  process  plan.  This  name  is  sent 
to  the  cell  control.  The  cell  control  computer 
accesses  the  data  base  which  calls  in  the  sequence  of 
steps  (i.e.,  the  program)  that  is  the  process  plan  at 
the  cell  level.  Each  command  in  this  program  is 
passed  in  sequence  to  the  next  level  down,  which  is 
the  work  station.  As  each  cell  output  command 
enters  the  work  station,  it  is  the  name  of  a  process 
plan  for  the  work  station.  The  work  station  then 
goes  to  the  part  data  base  as  its  level  and  calls  up  the 
sequence  of  instructions  required  to  decompose  that 
process  plan  for  the  robot  or  for  the  machine  tool. 

The  data  that  reside  in  the  part  data  be  se  come 
from  an  interactive  design  graphics  system  and  an 
interactive  process  planning  system  shown  at  the 
top  right  of  Figure  7, 

On  the  left  of  Figure  7  is  a  second  data  base 
which  contains  dynamic  Factory  Status  informa¬ 
tion.  This  Factory  Status  data  base  is  also  divided 
into  three  parts.  On  the  far  left  is  a  management 
information  and  control  data  base.  Entries  or 


queries  to  and  from  this  data  base  enable  manage¬ 
ment  to  monitor  and  manage  the  whole  factory  by 
tetting  priorities  or  entering  control  parameters 
which  alter  the  mode  of  operation  of  the  control 
hierarchy. 

The  second  section  of  the  Factory  Status  data 
base  contains  the  status  of  each  machine  tool  and 
robot  in  the  plant  as  well  as  the  status  of  each 
computer  in  the  control  hierarchy:  What  program  is 
each  machine  running?  What  step  in  the  program? 
How  long  in  that  step?  What  part  is  being  operated 
on?,  etc. 

The  third  section  of  the  Factory  Status  base 
contains  the  status  of  each  part  in  progress.  In  this 
data  base,  there  exists  a  data  file  corresponding  to 
every  part  that  gives  the  part  name,  the  tray  that  is 
transporting  it,  its  position  and  orientation  in  that 
tray  or  in  the  work  station,  its  state  of  completion, 
and  a  number  of  quality  control  parameters. 

All  these  data  bases  are  served  by  several 
Input/Output(l/0)controllers.  The  Factory  Status 
data  base  also  has  a  hierarchy  of  feedback  processors 
that  scan  the  various  levels  of  the  data  base  and 
extract  the  information  needed  by  the  control 
modules  at  the  next  higher  level.  As  in  the 
microcomputer  robot  control  network,  information 
is  passed  from  one  level  to  another,  and  from  one 
computing  module  to  another  through  the  data  base 
which  serves  as  a  common  memory.  This  makes  the 
system  modular  and  defines  the  interface  between 
modules  to  be  the  data  base.  Thus,  specification  of 
the  data  base  specified  the  principal  interfaces  of  the 
control  system.  This  means  that  as  long  as  a  robot  or 
machine  tool  controller  can  read  from  and  write  to 
the  data  base,  it  can  be  added  to  or  deleted  from  a 
system  with  a  minimum  of  impact  on  the  other 
components  of  the  system. 

Because  the  status  data  base  will  be  updated  at 
each  time  increment,  it  will  always  contain  a 
complete  and  current  state  description  of  the  entire 
factory.  This  will  make  it  possible  to  restart  the 
system  easily  in  the  event  of  a  computer  system 
crash.  It  will  also  be  useful  as  a  debugging  tool. 
Activities  of  the  various  modules  and  of  the  system 
variables  themselves  can  be  traced  and  recorded  for 
debugging,  analysis,  or  optimization. 

The  control  architecture  has  been  described  in 
considerable  detail  since  it  is  this  feature  that  most 
clearly  distinguishes  the  AMRF  from  “just  another 
FMS”.  This  system  will  provide  the  modularity 
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needed  to  carry  out  the  NBS  research  program  in 
interface  standards  and  will  eventually  make  FMS 
technology  practical  for  many  smaller  shops 

Concluding  Remark! _ 

Although  it  will  require  a  certain  amount  of 
research  to  construct  the  AMRF  and  to  test  the 
concepts  on  which  it  is  based,  the  AMRF  itself  is  not 
considered  a  research  project.  As  various  portions 
come  on  line,  research  projects,  often  with  university 
or  private  sector  cooperation,  will  be  started.  Many 
of  these  projects  will  deal  with  new  and  improved 
sensors  to  monitor  machine  performance.  Others 
will  deal  with  the  problem  of  calibrating  sensors  so 
that  the  product  dimensions  (not  the  sensor 
responses)  are  traceable  to  National  Standards.  If 
more  than  one  machine  is  involved  in  the  manufac¬ 
ture  of  a  part  so  that  the  refixturing  effects  the 
critical  dimensions,  this  traceability  becomes  a 
complex  problem.  How  both  the  mechanical  opera¬ 
tions  and  their  supporting  software  arc  validated 
opens  vast  new  areas  for  Measurement  Assurance 
Program  technology.  Along  with  this  metrology 
research  will  go  research  on  the  detailed  nature  of 
the  data  formats  at  each  interface  to  determine  how 
standards  can  be  designed  so  as  to  neither  compro¬ 
mise  proprietary  interests,  nor  inhibit  innovations. 
The  AMRF,  like  other  Bureau  facilities,  will  be 
made  available  to  university  and  industrial  groups 
for  nonproprietary  research  in  manufacturing 
engineering  which  lies  further  afield  than  the 
metrology  and  standards  of  NBS. 

The  AMRF  is  only  one  in  a  continuing  series  of 
facilities  that  permit  NBS  to  fulfill  its  designated 
role  as  the  nation’s  measurement  and  standards 
laboratory. 
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Revolution 
In  car  making 

—precision  body  fit  with 
bolt-on  plastic  panels 


A  unique  building  method 
yields  a  rival  for  the 
fit  and  finish  of  imports 

By  JIM  DUNNE 

ILLUSTRATION  BY  JOE  LAPINSKI 

Dm  giant  machine  crouchea  in  the 
comer  of  the  noiay  amenably  plant 
like  come  mammoth  creature  eyeing 
ite  quarry.  A  ail  very  car  frame  ap- 
proachei.  The  machine  laahea  out 
with  ita  netal  tongue,  noiaily  engorg¬ 
ing  ite  akeletal  prey.  It  tume  anu  tipe 
and  pushee  the  car  into  place,  then 
clamp*  it  hard.  A  duster  of  tentacles 
deecende  from  above  and  delicately 
chewa  through  plastic  and  metal 
blocks  on  the  frame— fashioning  it  in 
a  way  nevsr  bafore  ssen  on  an  auto¬ 
mobile  assembly  line. 


This  September,  when  OM’s  Poiti- 
ac  division  unveils  its  new  P-car  two- 
seater,  Piero,  this  scene  will  be  re¬ 
peated  some  30  times  an  hour.  Pisro’s 
construction  will  ty.ark  a  major 
change  in  the  way  a  car  is  put  togeth¬ 
er— a  revolutionary  departure.  Where 
cars  wore  once  made  with  a  body  and 
chassis  and  later  with  a  unit  body, 
Fieri,  will  be  made  with  a  space- frame 
chaasis  and  a  separate  covering  of 
body  panels.  And  while  American 
manufacturers  are  sometimes  chas¬ 
tised  for  the  poor  fit  and  finish  of  their 
cars,  GM  designers  can  boast  a  match 
for  the  fit  and  finish  of  Japanese  and 
German  care-and  go  them  one  better, 
building  body  quality  and  flexibility 
of  design  into  a  car  from  its  initial 
stages  of  production. 

With  the  new  technique,  tolerances 
of  0.005  inch  will  be  commonplace. 


What’s  mors,  the  technology  holds  a 
promise  of  less-expensive  body  re¬ 
pairs  for  oonsumsrs.  In  many  cases, 
body  parts  can  be  replaced  with  a  few 
simple  tools. 

"Now  we’ll  get  body  fits  that  cant 
be  measured  by  the  human  aye,”  said 
Ernie  Schaefer,  manager  of  Pontiac’s 
Plant  17  on  the  northern  edge  of  Pon¬ 
tiac,  Mich.,  where  Piero  is  to  be  built. 
"For  instance,  our  critical  door-to 
front-fender  seams  will  be  held  to  tol- 
erancee  that  are  cloeer  than  even 
skilled  workers  car  gauge  by  sight." 

What  is  this  promising  develop¬ 
ment?  The  key  to  the  breakthrough  is 
a  huge  machine  tool  called  the  Gil¬ 
man  Drill  and  Mill  machine. 

Emie  Schaefer  recently  escorted 
me  on  a  tour  of  his  plant,  where  I  got  a 
firsthand  look  at  the  machine  and  the 
line  on  which  it  plays  a  central  role. 


Whtn  I  vicited  the  plant,  it  waa  in  a 
state  of  organised  confusion,  which  is 
normal  with  plant  changeover.  A  new 
assembly  line  was  taking  shape. 
Shiny  new  chains,  coiled  hoaes,  four- 
foot  trenches,  compute-.^,  *nd  thick 
electrical  cables  filled  the  darkened 
interior,  lighted  only  by  workers  tem¬ 
porary  fixtures.  Unimates-robot 
welders,  22  of  them-atood  poised  in 
flanks  along  one  stretch  of  the  line  in 
the  five-acre  floor  space.  Welders, 
erectors,  electricians— some  with  spe¬ 
cial  skills  that  you  can’t  And  at  your 
local  plumbing  and  heating  shop- 
hurried  to  get  the  plant  ready. 

Our  tour  took  us  to  the  far  comer  of 
the  plant,  to  a  bay  five  stories  high, 
where  Schaefer  explained  the  opera¬ 
tion  of  a  mammoth  drilling  and  mill¬ 
ing  machine.  Made  by  Gilman,  of 
Janesville,  Wis.,  an  old  name  in  ma¬ 
chine-tool  builders,  the  2V'*-story  me¬ 
chanical  complex  measures  20  by  30 
feet  at  the  base.  It’s  anchored  at  a  sta¬ 
tion  in  the  assembly  line  just  ahead  of 
where  Fiero’s  running  gear  is  to  be 
installed. 

"For  the  first  time  we’re  building  an 
automobile  the  same  way  we  build  an 
engine,"  Schaefer  explained  as  we 
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Mating  Here  body  Involves  these  phases:  Space  frame  111 
has  »  body  mounts  to  which  plastk  body  panels  wM  be 
bolted.  Every  M  seconds  Oilmen  machine  (2)  pulls  a  epees 
frame  In  sideways,  positions  It.  and  drifts  end  mills 
mounts.  Specs  frame  now  moves  along  Hoc  to  receive  so r- 
melon  dip,  then  gets  suspension  and  drtvs  train  before 
plastic  body  panels  arc  attached.  Inset  (I)  shows  typical 
bolt  that  ecturoe  pans!  to  specs  frame.  Two  types  H  plas¬ 
tic  are  used  for  boil -on  penal*  (4).  N  the  seme  components 
wars  made  of  steel,  they  might  weigh  twice  at  much.  H  ■ 
body  pan  la  damaged  during  assembly,  It  con  be  replaced 
easily  without  wsldlng  or  cutting  maul.  This  meane,  toe, 
that  owners  could  be  In  for  lower  cost  body  repair. 
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P-c*r  frtm*  goes  into  Gilman  machine  in 
demonstration.  If  a  frame  ia  out  of  toler- 

atood  before  the  monster.  "We  ma¬ 
chine  parts  of  the  frame  to  ensure  a 
near-perfect  fit  with  the  body,  just  as 
we  machine  an  engine  block  so  that 
the  head  fits  properly."  If  the  Gilman 
Drill  and  Mill  machine  does  its  job 
right,  there  is  virtually  no  way  the 
body  panels  can  be  misaligned, 
whether  installed  at  the  factory  or  re¬ 
placed  later  when  a  body  shop— or  Fie- 
ro  owner-bolts  on  a  new  part. 

Think  of  it  this  way:  Parts  of  cars 
made  the  old  way  were  put  together 
with  certain  tolerances.  But  mis¬ 
matches  could  add  up-metal  that  was 
not  formed  precisely  could  result  in 
parts  that  would  be  farther  apart  or 
closer  together  then  planned.  But  this 
new  system  puts  the  frame  together 
first,  then  locates  the  critical  mount¬ 
ing  points,  resulting  in  better  fits.  In 
other  words,  it  doesn't  matter  if  out- 
of-tolerance  figures  add  up;  the  ulti¬ 
mate  fit  is  close  to  perfect,  anyway. 

"What  we  get  is  precise  body  build¬ 
ing,"  said  Schaefer.  "And  there  are 
other  benefits,  too.” 

Some  of  the  benefits  stem  from  a 
change  in  the  sequence  of  putting  a 
car  together.  The  space  frame  and 
chassis  go  together  first;  body  paneU 
are  added  as  one  of  Die  last  opera¬ 
tions.  Because  the  work  of  installing 
the  engine,  transaxle,  suspension, 
and  electrical  parts  is  done  on  the 
■pace  frame,  assembly-line  workers 
can’t  scratch  the  body.  This  also  al¬ 
lows  ample  access  to  the  inside 
thiough  the  gaps  of  the  frame,  easing 
some  of  the  more  intricate  jobs. 

The  frame  forms  a  cage  for  the 
body.  It  is  built  in  a  traditional  way 
with  huge  welding  fixtures  and  those 
robotic  welders.  The  chape  of  the  cage 
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ancs,  the  machine  lowers  it  beck  to  the 
conveyor  and  signals  operator. 

outlines  the  shape  of  the  finished 
body,  surrounding  the  passenger  com¬ 
partment  and  engine  section  (Fiero’s 
engine  is  mid-mounted). 

Drilling  and  milling 

The  Gilman  pulls  in  the  Fiero 
frame,  positions  it,  and  then  drills  and 
mills  39  body-mounting  pads  Bpaced 
along  the  top  and  sides-all  in  less 
than  a  minute.  Eight  clamps  hold  the 
frame  The  door  openings  are  sensed 
from  three  locations  on  each  side  of 
the  frame,  and  an  XYZ  table  (so- 
called  after  the  three  axes  it  aligns: 
fore-aft,  up-down,  side-side)  positions 
the  assembly.  Then  the  drill  heads 
bore  the  mounting  pads,  which  are  ac¬ 
tually  Vi-inch  hard-plastic  inserts. 
The  drill  bits  vary  in  size  from  5-2  to 
10  millimeters  (0.2  to  0.4  inches)  and 
cut  at  two  speeds:  rapidly  through  the 
plastic,  then  more  slowly  through  the 
frame  so  as  not  to  distort  it. 

On  the  necks  of  the  drills  are  tung 
■ten-tipped  milling  inserts  They  run 
at  a  relatively  slow  speed  to  machine 
the  mounting  pad  to  the  design 
height. 

"All  the  drills  and  mills  are  self¬ 
monitoring,”  reports  Jim  Werner, 
project  engineer  for  Gilman,  the  man 
who  directed  construction  of  the  Drill 
and  Mill  machine.  "A  load  cell  on  each 
drill  unit  senses  when  the  drill  is  cut¬ 
ting  plastic  or  metal,  or  when  a  drill  is 
chipped,  broken,  or  missing.  The  cell 
controls  the  speed  of  the  drills.  If 
there  is  t  problem  with  the  bits,  a  con¬ 
trol  board  signals  a  factory  mainte¬ 
nance  man  to  come  over  and  fix  it.” 

After  passing  through  the  Gilman 
cycle,  the  Fiero  frame  moves  down  the 
assembly  line  to  take  on  its  running 


ear  and  passenger-compartment 
rawing  Finally,  the  frame  arrives 
near  the  end  of  the  line,  where  body 
panels  are  attached.  Workers  use 
studs  embedded  in  the  plastic,  or  bolts 
that  go  through  holes  in  the  plastic,  to 
hold  the  panels  in  place. 

Two  types  of  plastic  are  used  for 
body  porta:  reinforced  reaction  injec¬ 
tion  molding  (RRIM)  for  vertical  sur¬ 
faces  such  as  fenders,  and  sheet- 
mclded  compound  (SMC)  for  horizon¬ 
tal  surfaces  such  as  the  roof.  RRIM  is 
reasonably  stiff  polyurethane,  a 
"friendly”  material  that  bends  and 
snaps  back  after  light  impacts,  cut¬ 
ting  down  on  minor  body  damage.  It’s 
similar  to  the  plastic  used  to  cover 
modem  bumpers.  SMC  is  stiffer;  it 
won’t  give  as  much  when  something  is 
rested  on  its  surface 

Ron  Rogers,  the  engineer  in  charge 
of  the  Fiero  car  project,  says  the  plas¬ 
tic  is  unlike  any  other  used  in  auto¬ 
mobiles.  "We  put  this  plastic  side  by 
side  with  metal  body  panels  and 
asked  engineers  to  see  if  they  could 
detect  the  difference.  None  could. 
With  a  new  glass-flake  process  devel¬ 
oped  by  GM,  we  avoid  the  wavy  sur¬ 
face  you  see  in  fiber-strand-reinforced 
plastic.  It’s  smoother  by  a  factor  of 
three." 

Each  of  the  panels  is  painted  with  a 
primer  coat  over  its  natural  yellow 
hue,  then  comes  a  layer  of  color,  and 
it’a  topped  off  with  a  clear-coat  finish 
layer. 

Using  plastic  makes  it  easy  to  fash¬ 
ion  in  one  piece  a  complex  body  part 
that  would  require  a  number  of 
welded  pieces  if  made  of  steel.  Look  at 
the  rear  roof  section  of  Fiero  in  the 
drawing.  It  trails  down  and  curves 
around  the  upper  part  of  the  engine 
compartment.  That  couldn’t  be  done 
easily  in  steel. 

"We’d  need  maybe  four  welded 
parts  to  do  the  same  job,”  says  Rogers. 
"And  that  would  mean  more  cost  with 
less  certain  accuracy." 

Plastic  is  a  boon  to  stylists,  too.  By 
■imply  changing  body  panels  on  the 
■pace  frame,  a  stylist  can  give  the  car 
a  fresh  appearance.  Changeover  time 
in  the  factory  to  a  new  body  style 
would  be  negligible,  and  the  same  as¬ 
sembly  machinery  could  be  UBed  with¬ 
out  alteration. 

The  fabrication  technique  can  work 
with  steel  body  panels  as  well  as  it 
does  with  plastic.  That  means  it  could 
be  used  in  volume-production  sedans, 
where  steel  has  a  cost  advantage  over 
plastic. 

With  widespread  interest  brewing, 
even  among  Japanese  and  German 
car  makers,  chances  are  that  many  of 
us  may  have  a  space-frame  car  in  our 
garage  before  the  decade  is  over.  El 
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